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PROTOCOL FOR NIOSH PROJECT G7I8& 

I. 	 Objective 

To conduct a long term, low level inhalation study of glass 
fibers of known sizes in order to determine the adequacy of current 
OSHA standards, and to determine the character of pulmonary responses 

i" from a 	physiological and pathological point of view. 

, II. Procedure 

I ' 

I .. 

A. 	 18 month chronic inhalation study· 

1. 	 Animals: 500 Fischer 344 Rats to be 6 to 8 weeks of age at 
initial exposure. to be obtained from Charles River 
Laboratories. 60 Cynomolgus monkeys to have a body weight 
of no less than 4 kilograms at initial exposure, to be 
obtained from primate imports. 

2. 	 Quarantine: ·!be quarantine period will be 7 to 14 days for the 
rats and 2 to 3 months for the monkeys. 

3. 	 Dosage groups: Four dosage groups plus a control groupr. will be used. Dosage levels will be as follows:t, .. Dose grouP l and 2 will be maintained at a concentration
3of 15 mg/m , do~e 1 consisting of fibers with a binder 

I that will be 4 to 6 microns in diameter and> 20microns long, 
I , 
L 
\ ", 	

dose 2 consisting of fibers with a binder and 0.5 to 3.5 
microns in diameter and > 10 microns long. Dose groups 
3 and 4 will be maintained at a concentration of 5 mg/m3 

\. 	 with group 3 fibers being < 3.5 microns in diameter andt " 	 > 10 microns long, group 4 fibers will be < 3.5 microns 
in diameter and, < 10 microns long. Control animals will :-,e 
placed in a chamber with ambient air supply. 

" 

4. 	 Chamber monitoring: Chamber concentrations will be 
monitored twice daily. Particle size determinations 


L'~' of the powder cloud will be made at least weekly.

" 

;. 

5. Number of animals per dosage group: 50 male and 50 female 
(,::,''::,'. rats and 12 monkeys will be used in each dosage and control 
L r,roups. 

'I." 6. t ~R;ap~omization: Randomization will be accomplished by use 
.,.,\.J.1. of '-a 'computer-generated table of random numbers by weight. 
\,~e!l~'(,O 	 010102 

00411936 
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7. 	 Idt'ntificntion: E.,dl rnt will he idcntlfh'd hy mao of 

a numb~rcd enr t:lg. f-Ionkcys will be tattoo~'u with 

individu;.ll numbers on the dlest. 


8. 	 Body Weights: Body weights will be determined initially 

and at weekly intervals for the first month of exposure 

and then monthly for the duration of the. study. 


9. 	 Observations: Observations will be recorded daily, prior 

to and following exposure. Animals will be recorded 

as being normal or abnormal. If abnormalities occur, 

the nature of the abnormality will be recorded. Rats 

found in'moribund condition as well as those found dead, 

will be removed from the cage and submitted for necropsy 

within 30 minutes. A pathologist will be notified 

immediately 1f any monkey 1s found 1n a moribund condition 
or dead and he will examine and advise before necropsy 
examination. 

10. 	 Food and Water: For rats, food and water will be provided 
ad libitum except when being exposed to the test s4bstance. 
The monkeys will be fed once per day, following exposure 
and twice daily during non-exposure days, and water will 
be provided ad libitum except during exposure. 

11. 	 Light Cycle: The light cycle will be 12 hours on, 12 
hours off. 

12. 	 Exposure Regimen: Test animals will be exposed to the 
test substance 7 hours/day. 5 days/week for 18 months. 
Exposures will be between the hours of 8:00 AM and 3:00 PM 
each day. 

13. 	 Bleeding requirements: Monkeys will have hematology and 
clinical chemistry evaluations performed twice prior to 
onset of exposure (8 to 12 and 1 to 5 days prior to exposure) 
and at 4, 8, 12, 16 month intervals and at termination 
of the study. Samples are to be obtained from the femoral 
vein in the monkeys, and cardiac puncture for the rats. At 
termination, clinical laboratory studies on rats will be 
10/sex/dose. 

A. 	 Hematology parameters: 'Hematology parameters are 
to include the following; white blood cell count; 
red blood cell count, hematocrit, hemoglobin, 
differential count, reticulocyte count, and platelet 

'count. 

010102 

00411937 


.......- ....- . .,. 


L .... 

..,,:. 

.' " 

. .' 

c 

http:individu;.ll


 

v' .... '······c 
c
L.

;:,~ 

r.''" .~ 

I.- 

( 

t. 

L·
.- r·-"L'
 

A-3 

B. 	 Clinical chemistry parameters: Clinical chemistry 

parameters are to include·the following; BUN, Glucose, 

Calcium, Phosphorous, Sodium, Potassium. LDH, SGOT,' 

Total Bilirubin; Creatinine, and Cholesterol. 


14. 	 Pulmonary Function Studies: Pulmonary function studies 
will be performed on all monkeys from each group. To 
be performed initially prior to onset of exposure for 
baselines and at 9 months and 18 months of exposure. 
To include; diffusion capacities to carbon monoxide, 
single breath nitrogen wash-out curves, lung mechanics 
variables, maximum flow-volume curves and lung volumes. 

15. 	 Pathology Procedures: Detailed necropsy examinations will 
be performed on all rats and monkeys from this study 
with a qualified pathologist available when the necropsies 
are performed. The following tissues will be placed in 
10% buffered neutral formalin for histopathological exam
ination; larynx, trachea. lung (to include major bronchi 
and cross sections of each lobe), heart, liver, esophagus, 
stomach, ileum, colon, pleural membrane, nasal passages, 
paranosal sinuses, tracheobronchial lymph nodes, mesenteric 
lymph nodes, urinary bladder, testicles, prostat~, ovaries, 
uterus, spleen, pancreas, kidneys, adreal glands, pituitary 
gland, brain, thyroid gland and any abnormal tissues. The 
corneas and conjunctiva will be fixed with 3% buffered 
glutaraldehyde for histopathological examination, and 
remaining portions of the eyes and associated structures 
will be fixed in the same manner. 

16. Post Trear:ment Observation Phase: After the exposure phase has 
been completed the rats viII be held until there is SO percent 
mortality in any group (not to exceed 27 months of age). 

17. Statistical Analysis: Eomogeneity of vari~r.ce amons ,roups ~~ll 
be tested using 3artlett's test. Overall ei~!erences berueen 
groups ~~ll be teseed by one~ay analysis of variance (~~OVA) and 
speci!ic tre3~ent versus control group di!ferences ~ill be 
dete==inec by Du:~ett's test if Bartlett's test is not significant. 
Yhen Bartlett's test is sig:ificant, non?arameeric ~alogs to 
these procedures will be used. Life table techniques will be used 
to analyze survival data. 

Statistical evaluations of pulmonary ~unction studies ~~ll be done 
in three partsi including & ,roup s"--ary. a one-way rank analYSis 
of variance (parametric) and the Kruskal-~allis one-~Ay rank analy
sis of variance (nonparametric). Reports of such evaluations ~~ll 
be digitized and sorted both on magnetic tape and coaputer printouts • 

.~ 
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G 7188 STANDARD OPERATING PROCEDURES 

All animals must be accounted for at all times. 

loose animals must be identified and returned to the proper 

cage and/or compartment. See locator maps. 

A positive identification must be made of each cage prior 

to handling that cage. 

Cages must have the watering manifold accessible to each 

cage or compartment. 

Rats must have food and water available except when enroute 

to the chamber, in the chamber, or enroute to the holding rooms. 

Monkeys are to have water available except when enroute to 

the chamber, in the chamber, or enroute to the holding rooms. 

All animals must be housed in holding rooms according to the 

test chemical exposure or control grouping. The control monkeys are to 

remain in Room .# 305. 

Daily: ANIMAL OBSERVATIONS ." 

6:00 	A.M. Monday thru Friday .... ~-

8:00 	A.M. Saturday and Sunday , 

.
3:30 	P.M. Daily 

'. 

1. 	 Note all abnormal behavior or clinical signs by checking the proper 
,-

column on the Daily Observation Sheet •. 

2. 	 Record and initial all abnormal entries in detail on the corresponding 

Record of Abnormal Clinical Observations Sheet. There is one sheet 
, ..... 

per dose for rats and one sheet per dose, per day for monkeys. 
... .. -. 
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3. 	 Any deaths are to be recorded as above and shouJd also be recorded 
'. P in the log book designated for such. .: C' 

4. Dead Rats {A.M. or P.M.} are to be placed in a plastic bag with 

the following data recorded on the bag and in the animal cieath 

book:" r".. 
'. , 

J.... A. 	 Animal I. D. 

B. 	 Total Cage 1.0. and Compartment Number 
l _ 

C. 	 Project Number G 7188-0011 

D. 	 Date and Time 

E. 	 Animal Final Body Weight 

F. 	 Technician's Initials.C>" 
5. 	 Dead rats are to be taken to the necropsy room (week ~ays) or after 

2 P.M. and weekends the procedure posted in the necropsy room must 

be followed, and put into the refrigerator provided. The lon-cal1" 

person for necropsy must be notified. For cases of dead or moribund 
t· 

L, 	 monkeys the "on-call" Pathologist* ~ be notified ilTlTlediate1y. The 


Pathologist will advise as to what should be done and what procedure 


to follow. 


( 
. ··

, ..:. .L 
:·,··,.... "t * Pathologist ~ Principal Investigator; Eric Buffum and Hans Knapp . 

/< ,,>~: 
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INHALATION CHAMBER LOADING 

1. 	 Feed: 

Removed from feed tray by either of two methods: 

A. 	 moving feed pellets from left- and right-


hand sides of tray to center and then removing 


middle spring in order to tilt tray outward and 


deposit feed into garbage bag. 


B. 	 Picking individual feed pellets from tray, by hand, 


and depositing them into the garbage bag. Monkey 


feed cups will be removed from the monkey cages and 


the food thrown away. The cups will remain off of 


the cages until the monkeys are unloaded from the 


chamber. 


2. 	 Any.flooded waste pans are to be removed without wetting animals 

in the lower cages. 

3. 	 Water spiral hook-ups are to be removed just prior to moving 

each rack. The attached black cap must be put in place whenever 

a rack is not attached to the water line. 

4. 	 A positive Cage and Rack Identification must be made each A.M. 
.._-

by 	 reading the metal plate in compartment 1 for one cage on each 
:-- .... 

side of the rack. The rack must be positively identified by ~ ..... 

checking the color of the top bar against the following color/ ... 
:" . 

dose 	scheme: 

010102...... 	"'~' .'.. ,' 	 " r· .' 
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FOl - RED 


F02 - BLUE 


F03 - GREEN 


F04 - SILVER (or no color) 


FOS - YEllOW 

If the cage tag number does not correspond to the rack 


color. the floor supervisor must be notified at once. Positive 


identification must be checked on the monkeys by reading both ' 
. 
the chest number and the monkey cage number. All 'monkeys are to 


be loaded first (by group) and rats second (by qroup). 


5. 	 Positive identification between the chamber dose/color scheme and 

the monkey-dose/tag scheme must be made previous to loading the 

monkeys. Monkeys are to be rotated in the chamber. over a period 

of twelve days. to insure equal exposure. A chart is posted on 

the outside of each chamber to serve as a guide to the daily place

ment of the monkeys. Monkey cages are to be loaded into the chambers 

starting at the left-hand rear and moving to the left-hand front of 

the chamber for a total of 4 cages. The cages should be placed as 

close to the wall as possible and be evenly spaced between the cages. 

The next loading sequence will start at the right-hand rear position 

and move through four cages to the right-hand front of the chamber. 

(':0 t,l. 'I' " .. ' .·J..l..l ..... 
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Again, the cages should be as close to the wall as possible and 


be evenly spaced. The four middle monkey cages wil) then be placed 


in the chamber and the support bars for the rat cages should be 


placed in their positions as you move to the front of the chamber. 


NOTE: 	 Removal 'of the monkey cages from the support 

bars and the placement, of the monkey cages into 

the chambers should be done with a minimal amount 

of time but with care. If the monkeys start to 

fight with each other, separate them at once. When 

removing the monkey cages from the holding room supports 

and loading them into the chambers, take care not to 

drag or shove the cage along the ground~-this results 

in cuts on the monkeys tails and toes and will not 

be tolerated. 

6. 	 Rat cages are to be off-loaded from the racks after positive dose/ 

color identification has been made. The top rat cage on the complete 

side of the rack (side which contains c~ges 1-5) is to be loaded 

horizontally into the top level of the chamber starting at the left

hand position. The middle cage on this side of the rack is to be 

loaded last into the middle portion of the chamber. ~he side of the 
1

;. -..
rack which contains cages 6-10 should then be loaded on the second 

level of the chamber. The empty cage (cage 10) must be loaded into ,.. 

. the chamber along with the other cages. 

010102 
: - ~ I 	 ! ~ !t" . ' ...... ~ .. ' 

00411943 
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7. 	 After the Inhalation Chamber Technician has tur~ed the supply of 

fiberglas off to the chambers, they must be allowed'to "cool" 

down for a total of thirty minutes. This is a safety measure 
. 	 i to minimize the chance of fiberglas exposure to the animal 

!. care staff. When chambers have completely cooled down and are 
, . 


'" 
 ready to be unloaded the technicians who unload the chambers 

wear respirators and rubber gloves. 

8. 	 Removal of the cages from the chambers must be consistant every 

day. Positive identification of the middle cages, on both the 

top and bottom levels, must be made, as well as a positive check 

on the color scheme on the rack. 

9. 	 Rats will be removed first. The middle cage will be removed 

and placed on the fourth position on the rack. The cage to the 

( ,: immediate right of the middle cage (the fourth from the left in the 

chamber) will be removed next and placed on the fifth position of 

U..: the rack. The cage which is now closest to the right-hand side 

of the chamber will be removed and placed on the first position of "L: . 
,', 	 \. 

the rack. The cage which is now second from the left, in the chamber, 
i ,

will 	be removed next and placed on the third position of the rack. 
C~ 

The 	final cage in the chamber will be placed on the second position 

on 	 the rack. The second level of the chamber will be unloaded in the 

same 	manner as the first. 

'.."C··; 
ti. 
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10. 	 The monkeys will be unloaded next with the four middle cages 
. , 

being unloaded first and then the cages to either side to 


follow. Make sure the monkey is returned to its proper space 


on the wall, failure to properly return the monkey to its proper 


space will result in disciplinary action. 


Make sure the monkey cage is lifted from the chamber onto the 


cart and from the cart onto the wall support bars, this will 


eliminate cut toes and amputated tails. 


11. 	 The monkey feed dishes are now to be reattached to the monkey cage 

and the monkeys fed with monkey chow. 

DAILY: 

(1) 	 Fresh food is to be dispensed daily to both the monkeys 


and the rats. 


(2) 	 On weekdays the monkeys are to be fed only after removal 


from the chamber. On weekends, the monkeys are to be fed 


once in the morning and once in the evening. Total pellet 


ration for one monkey/per day is approximately 16 pellets . 
.. 
(3) 	 The rats are to be fed by placing enough feed in trays to 


cover the bottom and corners sufficiently. Make sure the 


rat is able to utilize the tray and that the bottom of the 


tray is touching the side of the cage. 


01.0102 
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(4) 	 Feed for Rats is: Purina 
~ .',-... , 

Rodent Laboratory Chow 

5001 

Feed for Monkeys is: 	 Purina 

Monkey Chow 

5308 

Always use the oldest rat and monkey chow that is available 

However, if the chow is more than three months old - contact 

either Hans Knapp or Eric Buffum before using. Lot numbers 

are to be recorded in the log book on the third floor. 

(5) 	 Water manifolds are to be flushed daily starting with the 

valve at the bottom of the vertical pipe. The horizontal 

manifolds are to be "bled" to remove any air locks by opening 
\ 

,{' 	 the valve at the end of the lowest horizontal line and allowing 

it to run at a steady stream for several seconds and progressively
\ ~ . 

bleeding the next higher line. 

\ . (6) Each main water line in the rat holding rooms must be flushed 

(: 


daily by using a quick disconnect coupling at the terminal 


" \ ' 	 spiral and allowing the line to run for several minutes. [< 

(7) 	 The water lines in the monkey holding rooms must be flushed
i, 

t .: daily by opening the bleed valve which is next to the water 


pressure gauge.f 
\: 
L, 
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: " Animal Body Weights 

(1) 	 All animals are to be weighed on a rotating schedule 

throughout the test period. 

(2) 	 Positive cage identification must be made by reading 

the metal plates which appear in the first compartment of each 

cage for the rats and on the front of the cage for the 

monkeys, 


(3) 	 All rats are to be weighed in a systematic manner by 

weighing compartments 1-12. left to right. 

(4) 	 Weights are to be recorded by utilizing the automatic weight 

equipment or on standby forms in case of computer 

malfunction. 

Daily Audit 

(1) 	 Daily audits will be conducted on a selected Group of 
.... -;

Animals within a particular dose group •. Three cages 

(a total of 36 animals) will be audited daily. for a 
. ", ':; 

total of 15 cages per week. The Audit will be conducted . ;.. 

after all animals are fed and watered and the holding .. ' ..... 
~:-:~ 
c.~rooms are cleaned. The purpose of the audit is to insure that all 

........rats are'in their assigned compartment. Forms will be 


furnished for the completion of the task. At ~ time is the 


technician to obtain a locator key (gives animal location 


within dose) and do the audit with the aid of the key. 
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Cage 	 and Rack Washing 

(1) 	 Cages and racks are to be,changed weekly' or as needed.r, 
/' 

f (2) Cage and rack washing will take place on Sunday. 


(3) The meta'l cage 1.0. plate must be transferred to the " 

i 	 ' 

clean cage at the time of cage cleaning and the animals 

transferred one by one to the clean cage 'and rack. 

(4) 	 Clean cages are to be placed on the clean racks in the 

same order in which dirty cages were removed from the dirty 

racks. 

(5) 	 Food Containment Trays and Springs will be removed 

from the dirty cage, washed in the room, and placed 

on the clean cages. 

(6) 	 Close attention must be paid to insure that the dirty racks 

color scheme matches the dirty rack color scheme. 

(7) 	 Racks moved from the room for washing must have the cap 
placed on the water manifold coupling prior to washing to 

i ' 


l ' prevent soap from entering the system. 


(8) 	 Monkey cages shall be changed on a rotating basis, with two 
Ii, 	 cages being changed daily. 


(.- ' 

L 
Daily Clean Up 

C
I,: 

L.:;. 

A. 	 Daily 

(1) 	 Rat racks must be sprayed in the A.M. to rid trays 

- of fecal material. 
'~i Il,f,:'"" ....... \...,\ .. t ~.. ~ -"' '~ ....1~ f ...,


vL , , ,(2) Monkey trays must be sprayed in the A. M. to rid trays 

Ir 	 l .... ~t"C~Oc.,,~~,~'.~ . 

~... _."fr: ,", 'of fecal material. 0101.OZ 
00411948 
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(3) 	 All floors are to be cleaned each day in the A. M. and 

in the P. M.; this includes both chamber room floors 

as well as holding room floors. Floors must be free 

of standing water to insure constant humidity in the 

rooms. 

(4) 	 All chambers are to be cleaned after unloading. 

(5) 	 When free time is available the technicians should 

take 	it upon themselves to clean chamber doors, chamber 

glass and holding room doors. Failure to utilize free 

time in this manner will be determental when raises 

or promotions are requested. 


B. 	 Supplemental Weekly Cleaning 

(1) 	 Once a week each of the following pieces of equipment 

"0,,,will 	be c1 eaned with full strength "Lime-Away": 
( '" '''-ir' " 

Moneky trays; rat holding racks and trays; food 

containment trays; and inhalation chambers including doors, 


support shelves and bars. 


A schedule will be posted as to what equipment is to be 


cleaned on each day. 
 , 

:,.. 
r,o 0 

C'~. 

I .: 
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CLINICAL OBSERVATION FORMS 
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APPENDIX C 

CLINICAL CHEMISTRY 'METHODOLOGY 
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METHODOLOGY 	 FOR THE CLINICAL CHEMIST~Y AND 
HEMATOLOGY VALUES 

Hemoglobin (Hgb) - Whole blood is diluted with an automatic diluter (Coulter 

Diluter II) and the red cells are hemolyzed by the addition of 

Zapoglobine • The concentration of hemoglobin in grams per 100 ml is 

read directly using a Coulter Hemoglobinometer. 

Hematocrit (Hct) - This parameter is determined simultaneously with the 

erythrocyte count using the Coulter flat pack accessory. The 

results are reported as the percent of packed red blood cells in 

whole blood. 

Erythrocyte Count (aBC) - Whole blood is diluted in isotonic saline using 

Coulter Diluter II and the cells are counted on a Coulter Counter. 

Model FN. The RIC count is expressed as the number of cells x 

106/11l. 

Leukocyte Count (WBC) - Whole blood is diluted in isotonic saline 

and the RBCs are lysed by the addition of Zapoglobine • The cells 

are counted on a Coulter Counter. Model FN. and reported as the 

number of WBCs x 103/11l. 

Differential - Blood smears are stained with a modified Wright-Giemsa stain on 

an Ames Automatic Slide Stainer. One hundred leukocytes are counted 

and the differential reported as a percent of the total represented 

by each cell type observed. 

Platelet Count (Plt) - Who~e blood is diluted using a Becton Dickenson 

Unopette (Catalog 15854) and then the number of platelets are 

counted microscopically using a Neubauer hemocytometer. The results 

are reported as number of platelets per pI of whole blood. 

MCV - It is determined simultaneously with the RIC using Coulter flat pack 

accessory. 

Reticulocyte Count - Erythrocytes stained with New Methylene Blue are observed 

microscopically. The number of reticulocytes is reported as a 

.per:c~.y~ [Of, all RlCs. 
,.,(.:1.",. ,L /? 
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The hematology instrumentation was change~ during the study period. 

The determinations of Hgb t Hct t RBC t WHC t PIt and MCV for specimens from ter-, 

minal bleeds were performed using an Ortho ELT-8 automated hematology 

analyzer. 

All clinical chemistry analyses were performed on the Gemsaec 

centrifugal analyzer with the exception of sodium and potassium. The 

. following methodologies were used: 

Urea Nitrogen - A modification of the Talke et al.(1) method using Smith 

Kline Instruments reagents. Reported as mg/dl. 

Glucose - An enzymatic procedure using the coupling of hexokinase and 

glucose-6-phosphate dehydrogenase as developed by ,Barthelmai and 

C~ok(2) and modified by Smith Kline Instruments. Reported as 

as/dl • 

Creatinine - A Smith Kline reagent set using an alkaline picrate method based 

on the work of Jaffe(3). Reported as mg/dl. 

Inorganic 	Phosphorus - A Smith Kline Instruments reagent set using a molybdate 

solution and reductant as developed by Gindler and Ish1zak1(4). 

Reported as mg/dl. 

Calcium - A dye binding method using methylthymol blue as developed by Gindler 

and King(S). The reagent also contains 8-hydroxyquinoline to 

eliminate magnesium interference. Results reported as mEq/L. 

Bilirubin 	- Colorimetric procedure using diazotized sulfanilic acid. Methodis 

based on that of Jendrassik and Grof(6). 

Cholesterol - An enzymatic procedure using the specific enzyme cholesterol 


oxidase. Method is based on the work of Allain et al.(7). 


Results reported as mg/dl. 


Lactate Dehydrogenase (LDH) - A kinetic assay based on the conversion of 


lactic acid to pyruvic acid and.the simultaneous formation of 


NADH2 from NAD. Method was developed by Wacker et al.(8) and 


modified by Gay et al.(9). Results reported as lulL. 


Serum Glutamic Oxalacetic Transaminase (SCOT) - A kinetic ..say 


utilizing the coupling of transaminase reaction with malic 


dehydrogenase and NADH2. The substrates.are aspartic acid and 


-ketoglutaric acid. The method is based on the .original method of 

, ...~ 

", ..... 
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Karmen(lO) and modifications of Amador et al.(ll). Results 


:-p reported as IU/L. 

.' ,....:. 
•. t . Sodium and Potassium - The determinations were made using Instrument 

Laboratories Model 143 flame photometer. The·serum is diluted for 

analysis using Instrument Laboratories Diluter 144. Reported in 
mEq/L. 
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TUlE Dl. DAlL., 	:HA"''\E~ tJ~tE~TUTlO" "fA" HlJ:S F!)~ Ft!lE~GUSS" 

'..' t .. a"8EII B1 	 !H 
DosaGE P1G/1I1) 15 	 15 
FlBi:1l SPECIFICATIO'lS 

SIN;)ER H~;)lC UlJrt 
DU'1ETER (IIICRO'tS) 10-6 	 0.5-3.5 
lEt4GTtt (IIICRDI(S) ~ 20 	 ~ 10 

CI'f'"!ER 
OPE:U TIDN 

Day DATe "ea~ ~ STO I)EV "H '1IN p'IEa~ If STD DEV !'I 411 11 I' 

1 3-12-79 .9Z Z .35 1.2ot .58 3.1t5 2 .46 3.!l'5 2.; 
2 3-13-79 -~. DO -9.0') -9.00 -9.00 -;.00 0 -9.00 -~.OO -9.0:* 0 
1 3-1lo-H Io.ftl 1 -9.0') -9.(/0 -9.00 It. ZIt 4 2.4Z 1.59 2.1 
4 3-15-H .93 1 -9.0) -9.01) -9.00 1.30 1 -9.0:1 -~.oo -9.0 
'5 l-16-H ".5!! 2 .!!! '.60 3.'5 Z 1.15 ~.H 7.0' .. 	 '.H1-19-H ~.9" Z ~.01 12.9; .~l z.n ! 1.Z2 1.bO 1.1 
~ 3-20-79 Z.51 '- .50 3.00 1.H 1.27 Z Z.25 '.bO 1.1 : 

1:1 3-21-79 I.Z5 '! .70 2.00 .'to 7.15 2 !I.75 13.20 1.7; 
11 1-2z-n J. ~" ? • 9) 4.)0 3.)0 7.Z~ ? .19 7.1t0 7.0( 
12 )-2l-H -J.O.) I> -9.00 -9.01) -9.JO .100 1 -Q •• n -Q.;)O -~. 0: 
15 1-~6-7Q 11.07 l S.H 23.'\J 6.70 1l.QO 1 -Q.Ol -~.OJ -Cl.O' 
1!1 )-27-71 1. 'H 2 .1" z.'n 1.30 Z~.67 2 10. Z2 4Z.00 ZI. Z( 
l' 3-~~-H .4~ 3 .33 .8! .10 Z.05 Z 1.05 3.10 1.0: 
19 3-10-H 1 •.~') 1 -9.00 -~.O' -~.,o .10 1 -9.00 -~.)o -~. O( 
ZZ 4- Z-H 19.5Z '5 11.91.\ 3!1.3J 1.10 41.!I1 5 1Z.Io~ 107.43 • It~ 

V 
U 4- 3-19 9.Z~ 4 ~.ll l!1.0J 1.70 7.90 3 6.3~ lIt.7C .3( 
ZIt 4- 4-79 10.11 'J 7.19 H.Zl .5 I) 1Z.~5 5 10."3 27.42 .5' 
25 4- 5-H 9.15 1 -Q.O·' -~.:I:I -9.00 1$.!l1 6 4.52 25.70 12. a~ 
Z6 4- b-H ll.B 4 4.7') 1!:.1r7 4.18 19.13 8 7.l~ 27.105 ;. 5 ~ 
29 4- 9-n 9.11 6 6.57 11.52 '-.3" 11.74 !l 5.0) 11.36 5.5~,3') 4-10-7; H.1S b 6.3" 23.10 1.'!1 5.6Q '.91t Ib.93 • z:: 
31 4-11-19 1.tH It 1.b2 ".96 .a 7 11. ZIt 5 22.Z0 62.B .5: 
3Z 4-12-n 5.B 4 1.6! '!I. 42 ! • ., 3 Z.16 4 Z.57 7.01 •zc 

. 

33 1t-13-79 l.B3 6 .53 3.8~ 2.34 H."o5 5 5".95 13/0. b 1 .2, 
3b 1o-16-7~ 41.a" 10 18.78 56.1~ 11.10 13.510 8 ZI.17 6b.a7 O.OC- 37 4-17-n H.13 8 25.72 97.53 0.)0 23.68 7 8.94 4:1.5e lit. be 
311 4-19-79 l;j.H 8 lo.09 15.76 2.3ft 3~.62 8 2Z.03 !!4.!l8 .5! 
3Q 4-1Q-H lL.4-l 4 q.77 H.1; .~9 11.Q1 7 8.09 28.01 I). B 
40 4-20-79 J.5. O~ 5 9.Z3 23.5] .31 H.51 3 12.21 lO.bb 0.00 .. ;- It3 4-23-79 .3J 0 .lo' 1.Zl ').J') H.3b 7 18.05 0.00"!I.U 
'tit 4-24-79 1l.H 7 15.61 105.li .31 .23 !! .27 .63 O.OJ 
45 Io-ZS-H 13.9') 7 13 • '!I 6 4\.7~ O.~O 5.~!S 7 16.5' 51.77 0.00 

;~- ": 	 46 4-Z6-79 11./09 4 13.99 3Ir. 2~ .11 4."0 5 11. za 55.65 .31 
47 4-Z7-79 -~.OiJ ;) -Q.O) -9.~0 -9.~0 .78 Z .61 1.25 0.00 
50 10-30-'9 -~.~c 0 -9.0) -Q.Ol -Q.~O 5.61 5 6.0Z 14.101 0.00 
51 5- 1-7? -".Cl 0 -9.0) -9.0') -9.:10 '.6' 7 3.71 10.0/0 0.0') 
52 '5- 2-79 -q.O) 0 -9.:)') -9.00 -9.00 1.57 3 .97 Z. :H • bZ53 5- 3-1~ -9.0') 0 -9.00 -9.00 -9.)0 H.lS 4 7.71 26.35 .31 
54 5- 4-7? -9.0:) 0 -9.JO -9.00 -9.~J 7.51t 6 6.85 1S.!2 .94 

... 

i:-:-.. 	 * -9.00 denotes no value 
!~. ;;
:;:...:.:.; 
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Uilll: ~l . ,:JNTl'lUE,1 
.";.P 

:"f,l")E:t 'H il2 
'lSl'iE ,..~, .. )) 15 15 
=t!E~ ~PECtFIC.Tt'l"S -:-:

ax ''lJE ~ 11'4,)1: ATIJ~ • • 
DIl'1ETE' '''IC'')N~1 10-6 0.5-3.5 
L~~r.T'" ,"{cetOrtS) • 2' » 10 

:Hl"~r::!t 
:JIIEHTtJ"I 

DAY I) ATE 'tEA." N ·STIJ DE., 'tU PlIN 'tEA" N STD DEV "U 'n'" 
~ 

57 5- 7-79 -~.;)') 0 -9.00 -9.0~ -9.::I~ ~.I) 6 7."0 25.10 1.Z5 
53 5- II-n -9.0J ~ -Q.O~ -~.OO -~.'O '.16 6 5,"6 16.11 0.::1 ) 
5; 5- 9-11 3.13 !I 3.107 12.55 3.1 .. 11.H .6 5.75 n.)] ).7!1 
~O 5-10-7~ 10.70 7 !.101 16.31 S.15 5.79 6 ).,.0 9.73 1.25 
61 5-11-79 '.110 9 3.2' 15.69 5.H 10.71 ~ lZ.73 U.H O.DJ 
"10 5-1lo-79 lo.~~ 3 9.H ·28.24 0.01) ~.15 .. 6.63 17.57 0.00 
65 '-15-7~ H.Z) 10 2.1" 22.H l't.H B.n 7 11.102 "5.81 11.30 
":!I '-16-79 H.3J Z 7.1S~ 27.65 10.!lo ZZ.9Z 2 .01 22.h ZZ.H 
'J7 '-17-71 1.B 1 -~.O::l -9.00 -9.;)0 7..... e 9.27 28.ZIt 1.25 
6'3 5-18-79 1Z.ltO 1 -~.O, -9.Dl -9.JO 9.30 9 4.13 H ..... 2.51 
"1 '-u-n .11) 2 1.35 ].:)1 0.00 ~.22 5 3.03 13.55 ... H 
7Z 5-22·79 -~.,:]J 0 -~.O;) -9.00 -9.,)0 -~.OO 0 -9.00 -~.OO -9.00 
73 5-23-11 15.69 1 -9.00 -9.0J -9.::10 5 2.44 16.910 9.7Z13. " 
710 '-210-79 -9.Q::I 0 -~.O~ -9.00 -9.00 13,"6 1 ".96 18.51 1.58 
75 5-25-79 ~.4!1 5 4.19 12.55 1.25 13.02 5 Z.H 17.50 10.!l7 
7Q 5-29-71 ~. 39 ~ 3.1I~ 15.21 3. lit 9.111 6 6.18 17. i9 2.19 
ao 5-30-79 ~.. 91 7 2.'8 10.35 z.Jl iI.19 6 5.11' 1".12 ::1.00 
III 5-31-79 7.7~ 7 2.13 12.55 5.~1o 6.02 5 5.47 13.17 0.00 
'2 6- 1-79 9.9' 6 2.68 14.1Z 5.96 11.13 6 1.10 u." e.78 r'....... 

~5 ~- 4-11 9.01 6 2.6~ 12.80 5.33 9.92 5 2.12 12.55 5.96 
9, ~- '-79 lil.H ~ 2.62 1t1.00 S.l !I 13.29 6 3.49 n.B 5.33 
n ~- 6-79 9.)1 5 1.05 10.67 8.15 1::1.94 6 2.61 13.H 6.H 
i'l ~- 7-79 !I."o 5 z.n 1I.7! 3.77 5.100 5 4.77 11.60 0.'0 
H 6- 8-79 iI.llt '3 ].ZZ 1l.9~ l.n 7.86 1 1.52 lZ.]b l.qa 
q~ 6-11-7~ 7.39 5 .111 ~.2! 5.H n.z7 5 6.02 15.8'! 0.00 
91 ~-lZ-n 7."3 .. 1.H S.73 5.\ 6 !I.65 5 3.90 n.H 1.22 
'10 !I-U-71 ].62 5 1.~6 5.]1 O.JO 1').]0 , 2.60 12.96 It.7S 
95 ~-H-n 3.IoZ 5 .67 10.91 3.l1 10.10 5 2. ZIt 12.18 6.13 

...~Q ~-15-H ~.11 5 2.711 7.109 .60 1').11 5 4.10 14.18 1.Z!» 
en 6-1II-n lZ.105 5 4.31 18.1l ~.u 13.Z1 4 1.98 15.85 10.'" 

·10,;) ~-19-79 13.32 6 .5.n 21.87 3.~q 11.62 6 1.43 13.1t! 9.17 
101 2-!O-H '.106 6 z.17 11.&7 4.77 8.90 6 .75 10.Z7 1.~7 
102 6-Zl-7~ !I.~3 It • It It 1.53 ~.ZI 8.77 It 2.18 11.U 5." . 
10] 6-Z2-19 9.4Q 5 1.55 11.9] !I.7 Z ~.90 4 Z.ZO n.O!l 1.010 .'-',1~) !I-Z5-n 11.2~ 5 <t.61 15.4':] 4.~7 6.10 3.00 9.n .10 
lH ~-Z6-1~ 13.':],) 5 ].ofJ9 17.75 6.U 15.61 4 6.19 n.35 LZ.Z!! 
1')9 6-Z7-n lJ.:'3 6 4.2] 16.61 5.75 13.110 It 1.56 U;U 11.66 

. 1~~ 1)-28-79 11.8 7 5 Z.2!» . 14.6Z 3.16 10.55 5 ·3.810 14 ...Z 3.6Z :.' . 
.. ,110 6-29-70:1 t;.9! 5 2.101i 13.U 5.10 13.22 6 Z.OIt 15.'55 11.00 

111 . 7- 2-79 110.91 5 7.15 25.69 1.17 lit .10 Z J.ZZ 1,.95 1.50 -

:-.:-
la..-:'-:';" 

:_'L., 

";. 
',T' 

.0. 
• -. ,,{., ~. c-,,4. ....1 " 
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TUL~ Dl. 

:·U19EII 
)Oi"~: C";/1)) 
:tuq SjI:CIFICATI~NS 

I!I "OEIt I-'OI::UOq 
DI&"eT~a ('ICo']:,S) 
U!'~GT'" f'lIcqolllS) 

(::O-.T I-.JED) 

91 
15 

ft-b
• 

) ZO 

I)Z 

15 

0.5-3.5
• 

) 10 

..... 
CH&I'IUII 
li»EUTIOtt 

lAY DUE ·EA~ " STD DEY , "IlC IUN "leu .. STD De~ 'IU 1'1114 

. 

_. 

. 

" 

: 

,-,.,", 
"

(; 

, 
! ' 
!. 

, 
r.. ' 
,

I,
t ," 
~ 

.. L 

-' r' . 
1.

-' 
" L 

1l't 
11 !I 
117 
lZ0 
ill 
12Z 
123 
1ZIt 
III 
128 
129 
13) 
111 
13ft 
135 
136 
137 
119 
1:.1 
lltZ 
14) 
lftto 
lit' 
l't8 
H9 
150 
151 
15Z 
1" 
Ub 
1!7 
1H 
1n 
162 
1b) 
l!l4 
HI' 
lbb 
B9 
17i) . 

7- l-H 
7 5-7i 
7- 6-71 
'7_ 4-n 
7-10-74 
7-11-79 
7-12-71 
7-13-79 
7-u-n 
7-17-H 
7-19-n 
7-19-79 
7-Z0-71 
7-Z3-7Q 
7-ZIo-n 
7-25-79 
7-Zb-H 
'7-27-74 
7-10-71 

-.. 7-ll-7~ 1-7i 
11 Z-79 
9 3-'74 
,- 6_'79 
8- 7-n 
8- 8-79 
8- 9-79 
8-10-71 
'-13-74 
8-H-n 
S-1'-7~ 
'-16-79 
3-17-'14 
II-Z,-79 
~-n-7; 

1-22-19 
'-Z3-n 
"-210-79 
~-Z7-79 
'-ZiJ-n 

17.7' 
l!1.7Z 
11.97 
15.ft8 
1ft.00 
11.11 
16.51 
12.3Z 

7.3:) 
9.Zft 
8.00 
'.110 
5.Z!I 
1I.!l5 

11. lit 
7.70 
S.30 
3.ft;) 
7.31 
1t.33 
11.71 
5.H, 
Z.b:t 

21.ll 
H.ll 
15.b" 
1Z.z.. 
20.7'J 
15.ftft 
1).'"
15.6' 
17.22 
17. Zi 
11.7:) 
15.Z!I 
13.35 
13.11 
11.35 
lIt.ll 
1ft.107 

5 
5 
5 

, 5 

, 5 

4 
5 

, 3 
ft 

5 
5 
ft 

,b 

8 

,5 

,3 

6 ,5 

,5 

5 
5 
5 
5 
5,, 
,,.
10 

, 
10 
10 

3.12 
'.85 
2.50 
ft.87 
3.11 
1.ft8 
1.79 
Z.75 
4.5ft 
3.100 
ft.83 
1.01 
Z.23 
2.0!l 
5.19 
2.Sft 
Z.llt 
1.G3 
Z.75 
Z.05 
1o.!l7 
2.2b 
1.16 

lZ. )] 
1.83 
4.84 
6.01t 
4.19,..77 
2.U 
1.59 
l.bl 
5.30 
3.70 
6.32 
Z.9ft 
2.53 
5.01 
b.61 
7.ZZ 

21.1' 
H.5l 
15.111 
Z3.0) 
14.b7 
13.H 
15.111 
16.98 
13.CU 
15.33 
12.30 

6.72 
7.73 

12.b7 
15.1t6 
12.27 
lZ.64 
4.71 

u.n 
6.8b 

21.1' 
1.17 
7.8ft 

46.107 
lb.82 
ZZ.67 
16.95 
26.99 
Zl.H 
16.48 
17.81 
20.H 
n.u 
15.3') 
23.ftO 
16.25 
1~.4Z 
1b.4Z 
2b.09 
20.910 

12.20 
6.15 
8.:n 
S.07 

10." 
9.11 

11.H 
9.ft8 
2.19 
6.99 
1.71 
3.H 
3.02 
7.12 
ft.53 
ft.O] 
6.99 
1.51t 
5.55 
1 •• ft 
1.53 
1.~b 
0.:)0 
9.l0 

11.43 
8.15 
2.79 

12.23 
7.H 

1:).16 
1Z.99 
u.~, 

9.010
'.n
9.87 
7." 

10.37 
1.39 
8.' 1 
2.79 

!I. 51 
Z).13 
4.6b 

10.75 
17.5J 

5.0ft 
13.12 
'.bb 

lZ.H 
H.38 
lZ.38 
6.47 

a.9' 
llt.ltl 
lb. 17
n.o] 
17.80 
17.13 
11.'" 
llt.73 
1.82 

11.06 
15.44 
13.66 
12.21 
13.31 
l7.ZIJ 
17.0b 
13.88 
H.n 
16.7'
H.n 
11.9,. 
11.00 
h.9'J 
H.42 
15.51 
1l.30 
~. 71 

17.14 

5 
ft 

, ft 

, b 

ft 
ft,,,, 
5 
5 
5,,, 
5 
5 ,] 
4 
1 
6 
6 
4 
5, 
~,,,,, 
,,10 

,., 

ft. 37 
ft. Oft 
Z.30 
3.01 
2.1:) 
1.U 
1.03 
'.01 
Z.OZ 

•.a9 
ft. 51 
1.86 

.76 
8.Z9 
5.70 
Z.62 

.88 
2.2Z 
2.119 
3.Z1 
Z.39 
'.70 
3.36 
9.00 
3.07 
Z.19 
1.92 
4.45 
1.77 
4.ft! 
Z.98 
Z.07 
10.31 
9.lZ 
3.19 
3.3! 
Z'07 
6. ZO 
J.4/t 

12.13 

11.70 
Z5.76 
lZ .13 
H.35 
ZO.12 

9.Z 7 
H.84 
13 .b9 
15.75 
15.0Z 
U.lIt 

8.21 
l!S.)Io 
21.2It 
Z7.15 
1!1.~8 
19.1t0 
21.78 
16.75 
13.510 
12.ft9 
17.01 
22.60 
26.106 
17.99 
17.95 
ZIt.7b 
2Z.37 
15.7Z 
Z2.se 
21.eo 
17.98 
1'.39 
2Z.ftO 
ZZ.!7 
15.18 
19.41 
17.bl 
13.0b 
105.Z0 

0.00 
1~.73 

b.Oft 
b.ll 
H.9~ 

b.H 
12.ft) 

0.00 
9.30

lZ."" 
1t.0Z 
3.42 

H.02 
0.00 

10.83 
9.90 

lb. 911 
B.75 
e.1tZ 

10.bO 
7.11 
'l.00 

13.6Z 
Z.79 
7.70 

10.84 
1t.6Z 

12.23 
10.33 
11.10 
13.5b 
11.70 

3.15 
0.00 

13.7Z 
lC.37 
13.6b 

J.OO 
3.50 

10.90 

,,, 
,

.~~ 6 

' .f 

:'.'.; 
';;' 

d: 
.... 
.' 

U, :;
. '.. 

f_ SO.tOl:t~ 
!\a~It.,no 

~.:., otJ.. . 

010102 

00411961 
• - __ . _ .• __ ,'4"'-- ,

~.- ~ .', < ••. -:-=!".'-:{-:.~. ,....e____._. -_._ .. -.-- -_..-...... __ ...-.. ' ..,:';;i---'.---" .,'----..,---,-,-' 



0-4 

TASLE Dl. 'CJ!'ITI~JEI)) 

C"lA'I8e~ il2 
J'l S .\ 'i e c ~ Ii' ""1 15 
FI~c~ SP=:I?IC'TIO~S 

81"OE~ 1~~I:ATOR + 
OIA~eTe~ I'IICRO~S) 4-6 
L~~~TH (~tCRONS) > 20 

CHA:'3E~ 

OPiEUTION 
on DATE "I All 1EA~ N sro DEY 

171 1I-!9-n 1'.15 , 1.91 Zl.lIt 15.22 13.97 It .59 lIt.!l5 13.011 

1H 8-30-79 15.zz , 5.!l8 ZIt. It] .11.'1t U.1t1 5 1.21 15.H lZ.l!I 

173 9-31-79 ll.n 5 5.23 13.09 .73 U.,~ ., 10.35 23.99 O.O? 

177 9- 1t-79 7.7J 5 7.90 21.8' 0.'0 1-'.14 4 1.13 16.75 13.7b 

17~ 0_ 5-79 8.b? 5 7.8:1 ?7.2~ .90 B.31 5 7.68 21.75 9.b1 

17~ 9- 6-H H.91 5 7.73 .!Z.H .9~ 11.H 5 1.91 14.03 9.51 

1 "'0 9- 7-711 15 ... ) , .71 B.B H.U 7.llo 5 .1S2 ,.31 b.U 

la3 ~-10-7q 9.110 5 1.70 11.113 !I.::Il H.S! , 9.0' 37.53 H.?!! 

1H ~-11-711 13.H 5 3.61 Zl.Z7 9."It 13.76 5 9.91t 27.7b .Z9 

U5 '-1Z-H 9.9! 5 5.13 22.67 4.'2 11.43 , 15.71 32.11 .11 

U~ 9-11-711 B.06 5 1t.0S 22.77 ll.!? 1').37 5 7.86 n.'H 12.56 

1~7 9-lit-'79 11.5:' 3 3.35 13.73 ,.38 30.01 3 10.13 U.58 H.83 

110 9-17-79 11. ~~ 5 8.19 27.06 1.89 19.1::l , H.Ot! 41t .111 .39 

1H ~-U-79 H.lt3 , 7.32 2Z • lit .::l7 25.16 5 17.30 48.39 10.21 

192 ~-19-711 15.Z:) , ll.07 2!1.6!1 1.St! 20.00 , 6.23 27.U l2.5!1 

1H II-;!o-n 15.29 , Z3.33 10.'0 H.91t 5 7.25 2,.H 9.55 

nit ~-2\-711 lZ.'9 , .".1.1t7 "" !O.61 9.31t 'J.'O 5 4.05 11.33 .1t7 

197 11-2,,-79 llt.!l8 :5 3.72 ZO.B 10.!!" ').99 , 9.11 zz.ZO 0.00 

1~!! ~-Z5-n 16. !lit 5 ,.It! h.27 7.~' 3.75 , ".76 14.29 .23 

1H 9-~6-711 lit.Z! It 1.1t1t 16.35 12.!lt! 18.'" It 7.42 30.31 10.H 

!e:> 1I-'!7-711 ll.7i ~ 5.0; Z".93 9.31t U.27 , 8.10 25.19 ,...,

'1 ~-2~-79 H.Z3 5 ,., .. 22.07 6. ::l2 11.27 , 7.05 ZZ • lit !t.l!t 

!~It 1']- 1-H 13.56 5 1).1:) Z9.39 1.39 21.37 , 5.68 27.95 ll.bb 
2~; IJ- 2-79 lit."1t , 7.alt 34.57 2.19 7.78 , 1.91 11.77 3.n 
2~b -10- 1-7~ h.a!! , 6.11t Z..... 6 5.l' 15.S0 5 17.'9 ItZ.38 .:H 
2~H 1:)- 1t-79 lit. 95 , 5.n 21.8 .. 0.::10 2.15 . 3 Z.H 5.55 .13 
203 10- 5-79 1'.28 ! .73 1'.29 U.53 12 .0' 3 3. B3 18.08 7.25 
211 10- 8-79 '.09 Z 1t.00 s.u .::l7 3.36 2 1.05 1t.19 2.03 
ill 10- 9-79' 13.~3 ·z 1." "'.sa 12.37 20.37 2 19.99 Itlo.lfl ".09 :: .... .; ZlJ 103-10-79 15.2l1 2 '.7" Zl.Jlt 9.S" 12.02 Z .5!» lZ.!t6 11.53 

:.:......
2lit 10-11-79 10.30 Z 1.0' lZ.93 6. !ll 17.69 2 10.1' n.n ,.u 
US l:)-lZ-n 3.8~ Z .97 ..." Z.lt6 6.31 2 .58 6.78 5.52 
21! 10-1'-71 1Z.~3 3 10.!!" n.ll .63 1.314 3 5.65 H.73 1.Z9 ...... 
2l~ 1::J-1!1-79 2~.61 Z 3.S7 2'.911 15.13 9.147 1 -9.00 -11.00 -9.0:1 
2Z~ 1:)-17-11 21.92 Z .~9 ZZ.Z7 19.1 , 14.0' 2 1.26 15.39 12.Sb 
2!l 10-15-79 11.55 3 Z.79 Ift.01 7., 1 22.95 3 5.87 31.55 Il1.8l 
!Z! 11)-19-79 Z!I."S Z 12.01 36.11 11.50 Zl.n z 12.71 SZ.ll b.OS 
Z!5 111-2Z-79 15.6!1 Z It. 3::1 20.11 11.50 15.'1 2 1".62 n.6Z .37 .~~. '. 

2H 11)-23-79 8.69 Z .22 9.118 11.10 " itO. 51 2 H.U 57.,)0 Z7.n ~

2%7 10-2"-79 Z3.51 Z '.17 29.15 17.75 6.57 2 3.02 9.21t 3.U -

: .• ~ ; ~'~.! 1 ~ . 
. (., .. 010102 
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,
I

0
D-S 

JAUE Dl. e: J"fTI"UEJ I 

HA .. QEII IJl 82 
OS4:;= C"G/"" 15 15 
19:~ SPECleIC'TI~"S 
3I'IJEri 1'101':ATOII + + 
01 A~nEit '''lCQO''fS) It-~ 0.5-3.5 
L'=~GT-4 ''''ICIION)) ~ 2? ~ 10 

CIU~I}E' 
OP=HTIO'l 

JAY DATE :-tE'" .. no !)E~ 'IU ~1/11 'IE AN /II $TO oev lUll PU'l 

G 

22! 10-Z5-79 1~.lt6 2 .31t H.89 1~.19 ~.37 2 2.29 ~.21 1t.52 
Z2~ 10-~6-79 17.'" 2 It.lt~ 21.H lZ.~6 25.1t5 2 13.32 ltO.7~ 13.86 
Z32 10-29-79 7. ~a 2 5.lt9 13.17 2.19 .09 2 .OB .17 J.OO 
B3 10-30-70 10.50 2 .OB 16.65 16.1t9 12.1Z 2 5.39 18.61 6.7:1 
ZH 10-H-n :;.10 2 7.63 15.51 .03 1!.71 Z 8.22 1~.lt5 Z.6; 
21' 11- 1-79 1'.43 Z ".7~ 21.11 p.ltO 19.17 2 7.15 25.H 10.~" 
Z3'l 11- 2-n l7.03 3 11.10 H.76 2.'9 ~.14 3 1. Z8 7.Z5 It."Z 
Z19 11- 5-79 1].97 2 2.7lt HI." 11.37 1.1" 2 2.79 '.9S .1,0 
21t" 11- ",-n 14.05 2 ".12 lB."2 ;.77 B.ll Z 7.11 26.09 11.83 
lit 1 11- 7-79 15.'-:) Z 2.1'1 17.!!2 13.'3 27.33 2 12.61 38.H 12.50 
2/02 11- 8-7Q 14.07 ~ I.J1 15.99 13.96 11.66 2 B.1J 19.11 2.S6 
!It1 11- ~-H 12.51 2 1.7) n.n 10.~0 n.B2 2 .76 22.77 Z1.21 
Z"~ ll-LZ-H 13.H 2 .51 14. 3~ 13.36 1~.10 2 Z. n 21.37 l!1.iIiI 
Z47 11-13-79 12.50 2 ".91 18.02 13.1" H.n 2 ".89 U.18 ~.],. 

,!\I'I 11-14-70 11."" 2 12 .13 2"."3 0.1)1) 6.72 2 5.67 11.H .17 
Z:,O 11-15-70 "1.26 2 3.17 10.97 ,..55 !It. 57 2 1.0] 27.19 H.07 
Z50 ll-lb-H 2J. 56 Z .05 20.91 zo.U h.U 2 .9] 17.05 15.19 
'!53 11-H-7Q 1.3.02 2 1.55 15."6 12.17 Z.55 2 .96 1.59 1.66 
Z;4 11-Z0-79 12.52 2 Z.2~ 15.09 10.510 1).31 2 ,..9] 15.68 a.7B 
Z~5 11-~1-79 19.53 2 3.b6 20.9" 10.H ll.14 Z It.8Z 11,.96 .100 
!b0 11-Z6-7=1 lit. 36 2 2.ZZ 16.H 11.70 5.106 2 4.11 ~.a7 .41 
Bl ll-Z7-H 5.71 2 1. Z7 7.35 Io.7Z _1:). 2Z 2 .34 10.610 :;.;10 
H~ 11-29-7q 15.22 Z 2.71 16.39 8.~7 19. 'U 2 ,..n H.1t) 14.73 
H:3 11-2:;-79 1~.Z9 l ."9 19.98 1'!.!!B _ 13. '9 2 .OB 13.1)6 13.") 
HI, 11-30-7'1 22.115 2 10.71 25.H 16.1 , H.03 % z.e,. 23.27 H.1tZ 
2;1 1Z- 3-79 19.06 Z 1.9~ 20.10,. 16.19 1:).73 2 .65 11.Z0 ~.8~ 
263 12- 4-79 15.51! Z 1.Iolt B.9~ 14.03 14.1Q 2 • 8~ 14.!3 12.16 
H~ 1Z- 5-7'1 lit.':!! 2 .79 15.72 H.n 16.97 z 12.15 3l.B! 6.35 
27') 1%- 6-79 1".50 5 1.65 23.67 12.53 H.n 5 3.30 U.l' 1.11 
271 lZ- 7-7:; 2].06 2 10.25 3b.01 \5.16 )7.Io~ Z 15.25 50.1] 1;.08 
Hit 12-10-79 8.53 1 1.72 12.7!I 5.22 6.~2 2 2.11 IS.71 10.06 ,.275 U-11-n 13.310 6.:)Z 21.01 6.52 13.25 I, 2.95 l~.Oi 3.,.10 
271.1 12-12-79 lIt.ll Z .''1 1" .6·9 13.~6 5.~7 3 3.10 !!.oa 1.06 
!77 H-ll-79 14.74 5 5.0' 20.01 5.10% H.n 5 8.13 30.51 ;.H 
HI) U-14-H 17.53 2 z.n 20.63 15.16 1~.4 .. I, 4.22 20.e.1 10.24 
~'H 1~-17-7Q 10.67 3 14.83 1.~q 21.BO 3 13.74 33.12 3.73 

'-- Z13Z ' lZ-1l!-n 16.51 It 1.12 U.H 110.69 15.99 5 '.6~ n.u 7.91
'.5) 

2B lZ-19-H 3 3.lt4 !l.20 13.19 H.B5 5 8.19 25.13 0.00 
2Slt 12-20-79 lZ.77 1 3.48 15.39 T.7!! lit. 58 3 1.~" 17.09 12.53 
ZB' 12-21-79 1ft .lt9 2 I.'" 15.69 12.73 11.BZ Z 1.lt3 13.56 1O.b4 

--- H." 

-.-

010102 
G

•• t \ ,- \ '" ~l J. f ~ 1.V .... ..".~ W.. '-t~ 00411963 

.' 



D-6 

TAaL E Ill. ':JNTI'IJEDI 

C""UIE~ H 82 
'JSA.iE ''1~''U I U 15 
FI8e~ S~:CIFIC4TI~~S 

'U~!)eq t~OI CAT OR • • 
i)IA'tETe~ ''IICRQNSI 4-!! 0.5-3.5 
L:NGTH 'I'1I~q:J~SI > 20 > 10 

~"U13E~ 

"JpeHTIr:~ 


DAY "ATE "cH .. STO DF.V ",c "lit ..eu ... STO Dev IUr: "I'" 

290 12-2!!-7'9 H.D Z b.ll 2'3.25 14.46 H.85 2 3.67 15.26 7.25 

271 lZ-27-79 15.48 2 • !lit 15.91.1 14.H 15.9" .3 4.b3 2l.Zl le.77 

H2 12-~!!-7Q ZZ.b'l 2 3.9~ 25.93 17.78 22.71 2 .75 23.53 22.00 

Z97 1- 2-80 15015 It H.80 12.]7 '.17 It ".61 12.50 .33
" • iJ'S
'.9d 1- 3-ao lIt.2Z 5 7.81 .2".00 5. ) 15 H.U 5 11.69 38.23 1.99 
199 1- "-!C 1".'" 2.!l7 l7.d! 10.'" H.O!! 3 2.08 19.15 13.6)
3n 1- 7-80. 13.09 "3 3.lIt 17.15 10.'7 l!!.H 3 10.6" H.!!! 1C.90 
303 1- !-!O 1~.75 3 5.04 20.54 9.11 21."7 3 13.60 :n.S3 5.7Z 
30" 1- ~-:)o 15.511 2 1.0!! Ib.85 H.!l9 2~.30 11.47 43.58 17.118 
305 1-10-80 13.29 3 3.98 Ib.75 8.51 16.72 "4 5.97 23.80 10.54 
lJo 1-11-'0 22 ••)7 3 9.21 32.5" 13.'3 10.80 3 .53 11.30 10.20 
309 1-lIt-I)J 1~.'2 1.'!!1 16.!lZ 13. '3 H.97 \ 5.14 2".27 9.!!1 
310 1-15-80 13.65 " 5 Z."1 17.Z! 1l.2't lb.Z! 4 5.0!! Z5.96 12.93 
311 1-16-90 17.08 Z 1.64 U.8!! 15.59 Z2.57 2 4.16 27.56 19.11 
3H 1-17-110 4.ll 4 3.Z9 8.71 .20 12.73 It Z.1t7 16.55 10.H 
313 1-1'5-80 l! .~7 3.31 16.09 8.H 1". Z1 It 4.17 Zl.U 11 .1" 
ll!! 1-21-1)0 17.96 "3 5.08 21.01 9.41 H.36 3 1.85 16.!!9 LZ.63 
317 l-Z2-~O 12.72 3 Z.~5 17.62 9.57 15.35 3 Z.79 17.72 11.210 (. 

~ ... ~1U 1-~3-iO B.1ol 5.11 U.40 10.!7 H.25 " .2" H,"3 13.89 

lU l-~"-a') 10.'01) " 6.(1)3 ZO.21 3.l6 l!a.50 3.63 lq.~" 11.5J 

lZl 1-~5-,!0 1~.7'3 3" ".61 19.1:110 8.71 lb. 15 Z" .5' 16.'9 15.1t!! 

323 1-28-90 13.8.3 ·z 7.11 !Z.3It 7.1)8 lit. 40 Z .25 H.59 H.O'!! 

H" 1-29-1') H.B 3 t.71 1~.1l 11.16 ZZ.Z9 1 7.56 29."8 11.Z" 

3Z5 1-30-ao 13.'H 2 1.19 17 •.51 11.07 15.98 Z 3.410 20.08 13.10 

1B 1-31-9~ H.61 1 1.b~ H.b3 10.77 1!l.4& 3 3.11 21.34 13.!>3 

~Z7 2- 1-50 lit. 70 t 1.79 Ib.15 12.50 15.55 It 3.BIo 15.91 a."4 

330 Z- It-'" 1:1.37 Z 7.~~ Z5.36 9.~7 11t.90 2 4.07 !!I.55 10.31 

311 Z- 5-1)0 15.01 3 4.71 H.61 '.~7 ~.13 3 l.U 111.69 6.95 

33Z z- I:I-IJO 1l.H It Z.B 16.41 10.67 U."" 11.75 40.70 10.30 

133 z- 7-!0 11.9] 1 7.81 2~.4b b.lo5 14.!6 "3 4.0:) 17.58 8.ZIt 

3310· 2- 15-'10 ll.n 2 ".Z7 19.05 10.37 24.34 2 6. 7ft 29.92 16.H
, ,
337 2-11-'~ 10.2" ".6) 16.69 It.n 12.77 1.83 lIt.51l 10.23 

lH !-12-!0 12.39 1 3.11 16.39 9.71 H.Zl ,. 3.87 n.n 9.41 

119 2-13-90 11.1~ 1 20.81 7.51 12.79 3 I.U IIt.9ft 11.117
'.15
340 2-110-'10 15.'" 9.1I!! 16.23 1.11 U.81 4 e.l!! 3Z • ZIt' 11.33 

hl 2-15-"0 15.H ,• 10.72 31.2' 1.~9 20.74 5 9.1t9 35.50 ~. 51 

3"5 Z-I~-I!IO B.n 5 6.81 21t.60 b.15 1.56 5 10.48 16.22 l.eb 

141:1 2-20-80 10.05 5 4.63 15.72 0.00 Z1.0~ 5 10.41 37.10 6.55 

3lt7 2-21-'0 !!I. b~ 5 1.01 17.62 14.U 15.66 It .77 u.u IIt.7~ 


348 Z-22-150 1.56 3 1.90 10.210 6.Z5 !S.H 3 12.06 n.n 15.3!! 
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TULE Ol. ':J~TI'IIJED) 
r
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'H1!1EI! on 	 !lZ 
i. OS'~E 1,,,/1)) 	 15 15 

I3~~ SP~CIFIC'TIO'lS 

~I'IOn I'lHCUOII + 
 + 
OU'4ETEiI ''1IC':1·'IS) 4-6 	 0.5-3.,
L!:NGTH I'HellONS) l> ZO 	 l> 10 

::IU"9E~ 
iJPEHTION 

041 'Are ~EAN .. STI) O~V 'tU 'UN 'tEU " STO DEY .. U "Iat 

151 ~-2'-30 15.31 3 2.91 le.TI) H.lO 12.2't 3 2'.21 15.102 9.91
]52 2-Z~-'0 15.1Z ] .I~ 15.li 13.~3 lZ.09 ] Z.70 15.09 9.Z1 
J~l Z-Z7-!O 15.503 ".5' ZO.BIt ,.~, IIt.35 3 1.27 16.09 12.96 
H" Z-Z8-'0 13. ]9 " 3 Z.Z~ 15.~~ S.H 17.1t0 It 3.76 20.11 10.77
1" 2-Z9-80 7.5" 3 Z.U 9.,.1t 1t.3Z l5.1t? ] 13.0~ 19.15 '.Be 
3" ]- 3-!0 17.17 It 5.9i ZZ.60 7.,e 11.7Z It 3. &It 18. 1 1 9.11 
359 )- ,,-ao 11. !It 3.5~ 5.H )1".76 U.IZ Z.ZO liJ.itZ 1Z.90
HO 3- '-80 Z~.H " ) 1:>.H ItZ.61 16.79 lit. Z7 Z .n lIt.56 13. ~9 
H1 3- 6-30 7.JJ It Z.02 9.77 ) .Z6 lIt.lZ l.e; 17.15 11.50
362 3- 7-"0 9.62 5 ~. 13 19.U 2.B "5 Z.Zl 17.HB.l' 11.37
]f.5 3-10-80 2.1t5 1.4a ".52 .!l6 H.59 4 7.90 19.,,1) Z.06 
]!I!! )-11-90 12.5-3 " 5.61t 19.11 '.ltl H.9S 5 6.13 25.!6 9.77
167 )-lZ-dO 15.Zo "It 9.6" 19.05 J.ll U.O) 4 .e4 1".16 12.10 
H~ 3-11-80 15.06 Z.79 u.aa 11.77 15.0Z I, .81 l!l.O9 1".06 
B~ 3-lIt-~' lZ.5Z "5 1.51 17.55 6.15 ZO.76 , 1.50 ]3.11 10.77 

3-17-le 7.75 1 1.17 9.11 6.1Z 17.30 3 1.2! 19.91 16.15
373 3-15-90 5.71 5 l.~~ 10.Z" .51 1~. 31 4 3.07 Z5.13 16.620· 	 HZ 

37 1t 3-19-90 el.]';) 1.72 11.]0 6.tB lIt.U Z.02 17 ."q 11.57 
375 3-20-90 6.11, "3 .9~ 6.55 1.7t U.91 " I, 1.37 15 ."2 lZ.03 
]7!I ]-'!1-8'l lZ.65 'l 8.]6 26.10 5.!l1 9.65 5 4.06 13.,,3 .73
371 3-ZIt-'0 11.H 6.48 ZS.Z5 ].66 U.86 I, 6.11 ZZ.O" 6.35
1'!0 1-Z'-90 lit. )6 "5 '.02 21.67 9.'1, 11."5 3 4.67 \5 .62 5.12. 

. -- J'!l ]-26-8J 10.19 3 3.33 lit. 56 6.U 15.68 3 21.41 7.91'.55UZ 1-27-80 lIt.09 3 30.1"".!O 19.72 19.66 3 Z.86 2Z.Z7 15.50 
3!!3 1-2B-"0 17.0~ 3 I,.OZ U.07 11.77 13.60 3 1.61 1ft.96 U.2":~. ~-?; )!I 6 )-31-"0 lit.q~ 3 3.H 17.6tl l!l.lO 7.59 3 1.07 11. ~o 5.15.. )"17 ,,- 1-80 lZ.l!I c, 4.C,-, ZO.ZS 7.38 n.03 It 11.96 36.96 Z.ft)i... _ 383 4- 2-eo 10.1t? 5 6.0Z u.u 1.U 15.20 4 4.ZS 22.50 !l.7!!
3!9 It- 3-40 zo.1tT 5 10.9" ]~.19 11.51 15.59 5 ].ll Zl.73 1".79 .... ]10 4- c,-,o 1l.6~ 7.1' Zl.1t? 3.72 U.B7 5 3.21 Z:).61 12.76

i 
,.' 3H 4- 1-1) 20.0Z "5 7.01 Z9.65 9.77 U.7& 5 1.0.59 37.43 5.05 
t... ,_~ 19" 1,- S-BO 11.t!; It 7.09 Z5.66 6.' 5 22.n 4 5.9" 25.05 lit.!!]

315 4- 9-110 B.6~ It '.36 Zb.H 13.10 13 .52 3.53 20.H D.50 
U6 1,-10-!0 '11.11 I, 7.00 21.24 C,.~6 I," 9.64 3i).~9%l.1' '.31!, 397 :'-11-'50 22.2' 3 l.b7 26.99 1S.~1 LZ.U 3 1.12 13.66 1.1.2"to.' . \00 4-110-80 26.51l 7.77 31.83 1i.)5 1!I.n It 1,.17 Zl .27 1;).50I C,01 4-15--0 12.14 3 7. Zit" 20."!! Z.66 11.17 3 1.37 12.70 ~.51 
"02 1t-16-~1) 1'.77 It 1.BO U.21 13.56 IZ.Ol 4 4.11 36.17 2".ltO,
.. C,Q3 1t-17-80 lit. itt 3 3.1" ",. b8 1').57 U.OB C, 4.26 17.35 7.31 


.. I,v" 4-1B-'0 15.27 5 1t.5" 24.20 13.76 15.25 , 1.08 17.55 H.Zl 
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TABl~ Dl. C:JNTI"4:JfO, 

CI.f' .. ~eR 31 82
l')s&r.E C"'G''']1 15 15 
~I~~q s~eCIFICATIONS 

BIlton I'IOICATOII • +
OIA'1ETEII C'1ICIIONSI 10-0 0.5-3.5
lE'I\iTH ,"rc:I:]!'fS) ~ ZO 10~ 

CHl!'laI!I' 

ODEII&TI' ... 


OAY DATE I1U'i It STI) oev .. u "IH 'EA~ " STD DEV I'IA x '1'1 


4~T 4-21-81) 10.101 4 5."T 2l.Q4 T.ll n.74 4 5.lS U.QQ 10.04,4015 It-Z2-80 H.J) 1.1' H.QO 11.57 11.10 5 6.25 U.40 S.3! 
ItH 4-2]-~~ 11.39 4 3.55 17.09 5.65 H.52 ,I, 12.51 315.23 3.79
HO 4-210-"0 l1o.Ql 5 1.oi 18.55 13.H 10.41 5 9."9 Z5.~6 I.Io~ 
Ht 10-25-"0 6.0~ 5 5.5~ lZ.5~ 0 • .)0 ll.!! 5 2.01 U.1l9 of. SIt ,.foH fo-Z~-~O H.B 4.fo8 23.20 13.Z3 1~.50 4 5.57 2~.19 1:!.90 
1015 4~H-!0 B.15 5 3.39 19.21 1.57 1l.1tl It 3.116 18.08 ~.77 
H~ 10-30-'0 IS. H 5 3.3. Z3.100 lZ.1ft 21.h 5 9.89 33.77 12. ,oJ

HT 5- 1-iO 1.21 5 7.2!1 19.35 1.B B."" 5 1t.62 2S.92 H.36

H3 5- 2-iO 1Z.1II II 1.36 31.58 ~.5Z H.n 6 3.210 15.~6 11.65
,.Ion 5- 5-50 B.O:) H.4~ 38.49 5.11 U.37 3 1~ 1~ 1b.'o2 13.T~

.ZZ 5- 6-~0 15.2" It ~.3" 22.87 0.00 9.7) 7.79 Zlo ,~,~ 4.12

fo23 5- 7-!5J '.0) %."7 13.56 1t.72 10.'9 " It l.9!) H.29 9.~4 

Hit 5- 5-50 lZ.Z3 5" 3.19 16."9 5.~1 15.60 5 7.7" Z5.33 5.7! 

425 '5- 9-30 15.48 It 3.7!! 22.8,) 12.1t3 16.68 It 2.77 ZZ."O 12.83

ItZ!! 5-12-'0 ' 11.37 It 3.'H 16.1t9 ~.12 17.57 It ".7" 21.n loJ.H 

H~ 5-13-50 2~.~3 6 5.9~ 25.33 7.58 1!1.7" 5 3.U 21.01 11.,.3 ' . 
"30 5-14-!'J 15.0" 5 3.H 19.01 9.JIt H.7" It. 26 27.U 10.49 
loll 5-15-90 17.60 3.21 22.67 lit. a 110.52 It " 1.81 H.1tZ U.1t3 (
H2 5-16-8') 19.21 " It It.1S5 35.10 11.70 17.13 4 2.17 21.~1 15.56
10 l5 5-19-iO '.'5 It 1t.7~ 13.63 3.19 U.ll 5 It. 76 23.21 12.37
1030 5-%0-80 IIt.37 10 3.21 20.08 11.77 l.Z6 3 Z.75 12.10 6.105 
1017 5-~1-iO 11o.lt9 5 19.H ZO.OO 1o.61t2.62 1l.H It 25.106 110.91 
1t3!1 5-2z-ao B.Z! 5 3.7Q 20.71t 9.17 H.OI 5 2.05 17.aa 10.20
Io3Q '-23-80 1.53 1 -9.0l -9.00 -~.lO 1~.01 2 4.112 Zl. TIt 1~.50 
IoH 5-27-')0 15.1b 5 13.rJO 3'.97 1.13 9.511 5 7.93 H.35 0.00 '.104ft 5-U-~O '.32 6 5.79 19.2' 3.l6 17.~6 5 Z.u U.ltil 13.H 
It" 5 5-29-~" 21.23 II 9.39 31.91 9.17 1".61t 5 • 70 15.96 1"'0~ItH 5-30-110 8.92 5 2.11t 11.97 5.'7 H.51l 5 ~.02 ZZ.H 10.02 
H~ 6- !-"J 7.~' 3 5.10,. 15.56 .30 1~.93 3 I.~8 26."11 17.22
1t50 6- 3-5n 12.62 7 It.n 20.28 '.~8 17.36 5 Z.7! 20.51 110.16 "1ItH 6- "-!l0 1l.1t1 6 5.1t2 23.07 7.U U.80 6 Z.Z1 21.111 15.02,HZ 6- ,-ao 1b.H ~.05 27.U 1Z.10 H.Io7 4 .n 15.51 13.2'3 .",3 6- 6-!l0 H.ao 5 2.92 20.~" 13.63 1~.~6 5 20.H 8.Q7 

'".lItHo ~- 9-~0 ~.80 5 3.U lIt.89 7.25 n.65 6 ~.1t9 Z8.H lit. 119 

It 57 !I-10-aO 9.q,) 7 1t.89 lb. lit .lt7 l!).lIt ,6 It.75 Z3.00 S.ql

It,!! 6-11-~0 1'.80 7 ~.2~ 32.5!! 9.U 1Io.7S 7 
 1.30 16.Z9 12.3:1 
~~~ !!-12-!!0 15.lt1 7 It. 53 21.87 1.06 15.68 II 1.67 17.1t&l 13.03 
460 6-13-aO 11.00 7 1t.6.t 2~.01 I.B llo~2 6 2.U 16.75 10.~1o 

"It'Jl 'J-1.6-~O H.95 3 ~.08 27.78 U.5*» 17.09 10 1.3" 19.01. 15.36 

:.t;~:~\ 
• • J •• • : 0101.02 

..~ ., ~ I"t", ," .' 00411966 ... dt .. \ .• ' , 
•.,. '~""' •." .,.~,. I, 

" .~.".,,. ..., . 
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Cr~~ 

'':... 

0-9 

U~LE 01. I CilNT ["JEll) 

:.:.. .U~H:t U BZ 
!lSl:i£ '''!G/'Ill 15 15 
BE~ SII5C IF [CAT [0'45 
9I"I:lE~ ["0 IC ATOll 
OIA'1ETE~ ''1[CItONS) ~-~ 0.5-3.5 
L5'iGTH C.. tCIIONS) > 2' • 10 

CtUlOlIEIt 
:lPEHTt~H ,,,,(DAY OATE '1EAN N STD D~V "IN "UN N STD DEV '11'4'U 

~6" 6-17-S' 15.~9 !I 3.03 Zl.74 10.H U.34 6 1.69 H.!!1 13.43 
465 6-18-30 15.71 6 ].0" 18.81 11.:)4 15.22 6 1.73 17.35 12.43 
~6~ ':I-U-SO lJ.5;) 5 1.31 15.H n.lO H. ~1 6 1.58 16.95 12.17 
467 fI-20-80 1Z.25 8 2.0l 1".fl3 7.H 14.19 7 2."2 19.69 11.1') 

V 

47:1 '>-Z1-~O 13.61) 6 2.47 16.47 8.24 15.28 7 1.32 10.83 lZ.!I] 
47l 6-2"-8~ 11.66 6 5.03 18.61 5.35 15.50 6 .84 1 tlo ~2 1"."3 
47Z "'-25-80 15.a~ 6 1.37 17.88 lJ. ~6 t!!.83 6 .85 17.!!2 15.02 
1073 ':I-~6-80 22.30 7 10.H 43.21 9.44 15.31 7 1.45 17 .!lS 13. '!~ 
474 fI-27-80 13.h '! 2.H 17.95 8.51 13.87 a 1.13 15.76 11.63 
477 6-30-80 • 15.c!0 6 2.62 19.43 11.70 H.H 7 1.ItZ 15.1t9 11.1:1 
479 7- 1-30 17.75 7 2.11 21. Bl 15.36 15.13 6 4.50 U.ll 11.77 
.. 79 7- 2-8J 17.55 7 1.'l9 24.53 13.30 15. 'tit 7 3.58 22.14 12.50 
loaD 7_ 1-80 15. !l2 7 2.53 19.68 12.56 15. 'tit 7 2.59 2:1. '" 11.57 
toH 7- 7-')0 13.65 6 1.B 15.96 12 .56 15.57 7 3.~7 Zl.!l 9.810 
495 7- 8-o3C 15.29 7 1.22 17.09 13.30 15.99 b .56 16.92 15.16 
Io'!~ 7- 9-'10 16.76 7 2.0:1 19.1t9 1".09 lit. 24 7 1.B 16.35 1Z.7;) 
:'~7 7-10-S0 13.55 6 4.7! 19.68 6.18 13.100 6 2.22 15.96 10.97 
.!! 7-11-30 14.41 6 .71 15.1tZ 12.71 lIt.b4 7 1.45 16.''5 ll.!ll 
,.fll 7-lIt-aO 15010 6 2.27 19.35 13.07 15.71. 7 .87 17.1tZ 14.76 
.. H 7-15-'30 20.'8 5 3.0~ ZIt. 73 .16.H H.27 5 1.41 16.0Z 12.40 
ItH 7-16-80 17.Zl 6 1.33 19.21 H.96 14.21 5 1.76 16. ~5 11.83 
4Q" 7-17-80 15.33 6 1.52 17.75 13.10 12.61t 6 4.1t4 16.1tZ 5.38 

· , - ItH 7-18-'!O lit. 79 ~ 1.6':1 LII.H !I.61t 15.37 6 4.19 25.06 12.23 
'. 

498 7-Zl-1l0 lit. O. 6 4.12 19.91t 7.18 15.23 7 1.310 17.ZZ 13.50 
"';9 7-Z2-90 15.01 6 .82 16.42 13.113 H.71 5 .4!1 15.56 H.U 
500 7-23-80 15.61 ~ ].)3 20.!l7 11.3' 15.29 6 .70 16.02 110.36 

" 501 7-21t-80 14.03 7 l.02 H.95 11.50 U.Z3 7 .43 16.82 15.36 
5n 7-25-30 1".7Z 6 1.14 20.54 11.\5 15.71 II 3.96 210.106 10.10,'505 7-Z'J-9U 17.01 10 1.63 19.85 lIt.76 lit. 17 .48 H.69 13.36 

.. 506 7-29-eO Ib.8~ 4 2.5! 21.07 14.~9 H.19 5 3.3Z 19.61 10.79 
507 7-30-eO H.07 6 1.81 17.68 11.77 15.105 5 1.710 B." lit."] 
50~ 7-31-!l0 15.64 5 ~. 53 20 •• 4 13.]6 15.5e 5 3.4] n.08 8. 10 It 
5tH e- 1-80 1".02 5 .72 15.Io~ 13.30 ~5.l1 II 1.81 17.35 11.10 
512 :1- 4-90 u.S! ~ 2.13 16.109 ~.41t 13.03 7 1.Q~ 15.00 ;I. 8ft 
'13 !I- 5-!0 1~.9;1 6 Io.ct! H.ll lIt.79 U.24 5 4.87 21.61 9.51.- ,lit e- 6-eO lit. 1:1 :) 5.56 20.56 1.;)11 H.ll 4 2.8:1 17 .~! 11. Zit · -, .. 515 ~- 7-80 la.Oft 6 ~.17 23.00 15.ft7 l:1.U 6 4.71! 15.09 2.66 

oJ- !I-'!O 12.60 4 1.1t6 110.69 10.10 1).107 4 .99 lIt.29 11. II]'1~
5H i-ll-eO 15.09 5 .'0 16.6~ 11t.n 11t.40 b 1.IIZ 15.89 11.30 

r :. HI) "-12-80 1"."9 6 2.0~ 17.10 10.70 13.86 4 2.80 U.Z9 ';.;)J
". 
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I'.;:, ~ ~,~ .'.~' 'l..., ,,, ' .....~ ....~':': ...S96t'ttOO-, 'J. 
," ~ ~ .: : :.'-ZOtOto 

.', 

n'n LPZZ n"Z 66'61 ZtO'" U'o,z !l'U 05-& -ot LH
C;Z'H ,, UOll ''0' ,•Hi '0' &C'9 6£"£ TC'6t 8e; " ~9'Zt OE-L -OT C;H
[£,.,t ., ,9~'Z£ ££" L£'CZ 6,'9t 60'9Z li9" t"U 0(1-9 -OT eL',
" 'l cc;'n oL'9 "C'Ll 6t'''1 n"t t" • ~6'H 05-' -01 ZH 
I.z'n .,,"U iO°., , Oll"n '~'it U'OZ IIt'Z , CZ"H tli-Z -01 H'C,'zt ZC'Lt CIi't L['f: H " Oli-l -C~12'n H'n ::1.' 
~6'L non lCo, ,, cz'n ~LoOZ 

•., ~'"" 06-0t-6,c;'n '6° e9'tll t9C 
£i'H n'n 60' • te'" U°o,z Li'£ £ CE'CZ oe-oZ-t "q,,~o., 

'Z'Lt u'n 9.,' • tLOLl 6'1"t 2£'n Z"t 'I H'ct C8-C;Z-b 'C;'
£6'tt U'U .,'Z H'n ,£ " tt'LZ Z"L H'1i{ Os-cz-o .,C;, 
LL't '~'n U'Z • UOU ZL'. non '11" ~ ,'I'" Ci-o,z-e: £e;, ,, •
"Z'Zt h"n 19°t "6'.,t OC;'it U°5t H'Z non OS-EZ-o Zlie 
ce;'n ,C;'U zoot , 9"et zc'e;t hOL1 'i' ., La °9t Oll-ZZ-o 19'
6t"H n'91 L9' , ,"51 £L'n 8£'t1 to', , EL '91 0r.-6t-tl 
9Z'H n'cz .Z'Z HOLl 0C;'£1 19'12 tS'z , op'n O&-st-6 L""" Z6'." u'n 'o'Z • U'C;l 6c'n t9'91 6e;' ,• u"t op-Ll-e: 9"01l'Z1 tlO'C;l U't EZ'" O,'Cl nOEl 62'., C~"n ce-9T-t· SoB 
6£''11 U''1l ll" •, U'U 9C;'zt 8"61 n" E ., E£ '91 Oi-n-6 "Sdli.,e, '£1 "'91 ZE't 60'CY ,,' .,t i.'O' Z,', E GO'Ll OE-Zt-t;
H'Zl "L'Z, U" , , 1" , "'n 81'" (lO'OZ ., e:z'n O&-H-e: e"1£'6 H"n '11'" n'e;, 9'1'''' CZ'tZ it.,C;"Z'. H'L1 0&-01-6 t'lli 
L' 'e T U'U H't ,, EL '1 T 9£'1 e~'61 10" Ii 5,'9 CE-6 -6 "'IIi
60''11 ''1'91 1.6° ~zon H'ct Zl't;t £ tL "El CS-i -0 LH''''',"") . c;r;'ft H"l 9' ° , 6.'"11 9"!it liO'Ot C'"' Ii ~F'e, oe-, -t 'I'lli 

9£ 'n .,.,'12 Z6'Z , "'ll 9'"0:1 "'tZ H'e; , o&-~ -e:
" 'e1'110, ,., , 'H"Z 'n 52'51 ,c'e;t 'tOe; 1C"2£ t"t n'H OE-' -t Z'IIi 
0' '£1 'It" II lZo, ZO°Lt 01"Zl 6t'n tC', E 66'£1 Ci-, -t tH 

EL " c;a '''' Zl'n "" t ,£ H'C;l t9" n"n , 95 'Cll ell-6Z-. LE'9L '£1 't.'ll "'"t ""fit 6e;'n U "OZ 'L't Ii foil 'n Ci-ai-II ftB 
H'n 6L'91 ,tot , 0"'£1 'L'" 16'1.9 ,O'tZ E U'tZ Ci-LZ-Ii SB 
H'n ZO'l.t £2'1 ,., 01."1 ,.,'" L,'n 6t1 ' , 69 "e: 0~-9Z-' '£5 
C§ '£1 tc'U "LOt OL ° !it 9,'n 96'" ZO'l ~ 9t'st 06-"-& LES., .,
tL'& oz·n .,6"t 8L Oct 9'"" SL '61 tC" (Si'~t Oi-ZZ-It Cots 
H'Zl n'n Eb't , ,"H H'El ~L'H 96' , i2 ,.,1 O&-1(;-E tH 
a'et S;O'Z E O"'ll "Z"P t'I" 02 I.'" ~ Z""t O~-Oi-~ \"a

6L '" .,,'z ,, .,t,2'., 1 L\!' tZ ZL'~l 6C;"." "1"t, ti 'Z CIt 'I. 1 Oa-61-& ,B
Cl'n 51'91 Lt't "S'H H"" eIi't t 6Z'1 , t-O'Lt CS-ilt-Ii 9"
11.', H'Lt ,.,'E 9 £11'£1 9"" t6"Z ",,'E , H'tt oe-'t-. EZ'L9"tZ 06"' 9 "6°£1 Ll'Zl 1£' Z 9 tz'n ca-H-Ii ZZ!i 
H'n , £i'Zl 18 '''' 0"0 ,"~"' n'99 "'"II '[ " "2 CS'" I.,'EZ Oi-Et-' H' 

... IW nw A30 OJ.S H Nnl. Nl" Ulo All" CilS to; 101\'3 .. :!l'O .... e 
t.OUH3dC 

lIiS"'Hj 

01 c CZ c IS"'Ol!::Ih' .,;H'I\;,
,'£-,°0 'SNOIlJl'" ~iJ.3"'ICc;-~

• • ~CJ.'JIO"'I .30"'18 
S~CIJ.'~I~IJi~S t~~I 

tit Sl It~/!U ~~)ySI,;
Zi n l!;r."'H 

't.ilr"UNr: , 'TO 31£U 

- " 
01~ 

:. 
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E, 	

, 

['.~: ~ 

D-llr~:;;~~ 

TAU! Dl. ':JNTI'tJEOI 

-!-. CH '''lJc~ !l 	 12{8. :~." DOSAGe ''Ili/'lll 15 	 15 
~ :-- '. 

FI!:~ SPECIFIcaTIONS 
U~OE~ I"OICATOII + + 
OU'IETER 'lIC~ONS I 4-~ 0.5-3.5 
Lc'lGT'4 '''ICR!)NSI • 20 • 10r~' 

C..",.UR 
OPElUTl'J'I 

DAY DATE "EA~ H STO OEV 'IU "I:' 'IUN It STO DEV ..u 111'1V·': 
= 

5711 10- '-80 13.110 It 1..'1 16.55 1l.H lZ.ItZ It 16.95 1t.72 

, 	
'.31 

i
r-

. 
579 10-10-eo 1II.Ob It 1.3~ 18.H l't.?9 18.71 .. Z.Zl 22.0" h.32 

, 583 U-14-oJO 16 ... , .. 1.:;.. 111.1'3 13.20 H.fb It .91 15.89 13.1tS 
; . 	

,!It 10-1'-90 15.98 It 1."!! 22.'" 13.01 13.91 3 1.9' 15. b2 11.51 
10-1b-80 13.09 .. 1.7ft 15.'~ 10.:;' lZ.29 It 12.1t5 lft.7Ct 0.00'IS',eb 1:1-17-110 l' .19 1 .21 l'.bb lIt.89 H.ft 3 1.11 H.7'J 13.1b 

:.'~ , ; 'H 10-20-!l0 17.0J It .2:5 11.32 B.?2 11.55 4 1.73 20.41 10.1; 
I·", HI) 10-21-!0 1•• 29 .. 2.00 16.'5 11.10 20.31 3 4.20 211.5] 11.05 
~ , , 'H 1)-U-90 B.U 4 .33 16.b:; 1'.!l9 H.91t 4 .58 15.'9 lIt.Ob 

H2 l\:-Zl-!!l H.lto!! 5 b.Ob 2".23 1t.711 U.U 5 13.59 32.81 :1.00 
5q3 10-Zlt-.,0 1".:;1 5 ".H 19.40 7.H H.1I5 5 3.60 18.118 i.?? 

I 
I •. 

H!I 13-'7-80 1:..:14 3 .20 1b.32 15.!lb 15.lCt 4 .73 15.~l 13.9] 

C>
i . ,on 10-~1I-"0 1~.1)1 , ".29 Z3.a7 10.1" li.90 Z.,," 22.110 15.89 

591J ' 10-29-80 16.bll .47 17.2; lb.lII 15.112 " .91 U.87 14.6" 
H9 10-30-1)0 17,,,7 " 2.32 Zl.21 15.7b 16.19 "4 1.42 17.95 110.06 
!tJO 10-31-1110 "b 8.07 31."3 .:n 17.,., S 7.0' 27.32 b. !11H.'"" '!IJ] 11- 1-1)0 11.30 6 5.ItQ 19.27 1.16 13.n b 3.U 2:1.51 7.34

i·-· 63.. 11- 4-dO n.03 6 5.09 29.1Z 1~.~9 17.09 5 1t.0b 22.24 10".70 
! : :: ,605 11- '-30 11.13 Z.2" ZO.lIt 13 • .,9 18.31 5 4.1t0 27.82 15.39,606 11- 6-80 l!I.31 3.10 23.33 lZ.U 5 3.15 23.30 15.7Zn." 

~\l1 ll- 7-~0 11.B S 11).H 36.50 7.111 H.46 5 2.U 18.38 10.90i~: 
\ .. ". 610 11-10-90 1'.35 3 b."l U.55 13.16 111.'1 7.97 27."6 11. lit 
0 .... 

i:::_ 	 ~11 11-11-90 15.92 , 1.17 B."e lIt.H lb.98 " 3 2.111 2... 66 15.89, 	 ,6l! 11-12-8,) 20.1'1 b.12 32.01 14.)3 1'.98 8.35 21.01 .50 
U3 11-13-80 B. Oil ~ 2.101 U.5? 12.10 13.32 .. 2.22 15 ."9 10.H,f.7" 	 H4 11-lit-80 15.83 1.6" 18.83 13.91 18. lit 5 2.8ft 2l.57 15.:;0 

I ~ : -. U7 11-17-80 B.75 2.0b 20.7') 15.H U."7 4 .Ct! 17.:19 1'.~6
l'~ 6H 11-18-90 U.14 ," 5.55 23.":1 6.02 16 ... " .. 1.01 17.112 15.36 

H~ 11-19-80 15.33 5 1.31 16.32 lZ.~O 18."0 5 5."0 211.02 12.23, 	 ,0,!0 11-20-~!l 22."9 5.4:; 28.25 lit.18 17.111 5.00 2'3."5 13.H 
;~- -:. 

.,21 11-7.l-~0 20.35 b ".04 30.91 n.17 15."" b 3.1t1 2l.H le.30 
[:,~ 6Z" 11-2"-80 l~.bo It 1.n 19.11 1'. ~ 2 15.'10 ,.5 2.0' 19.0,,, 13.30 

.- IlZ' 1\-~5-1I0 13.52 5 1.6? l'.)z 10.\0 16.115 1. !IS H.45 lIt.Sb,6Z6 11-26-80 16.52 ') tI.79 ZS.l!! !5 .12 u.n 5.92 ZIt.50 b.il 
.,31 12- 1-"0 B.ll 4 1.3:1 20 ... 11 17.32 U.U 5 3.2! 23 .:17 12.23 .- ,['.:- . ;H H- 2-80 15.'.)1 ; 3.0.. 20.~lt 11.:10 U.OO , 2.53 20.~7 13.73,

!.-~~ 	 633 12- 3-50 15.n 5 .32 16.25 15.U H.90 1.16 15.12 10.~" 
~34 H- 1t-30 16.70 5 .n 111.:15 15.H 17.H 5 1.'9 ZO.l1 15.99 
635 12- 5-iO 6 1.1:1 B.n 15.'9 15.!b 6 1.1" 17... , 12.8316." 	 ,r-. :." '. Hi! lZ- 1)-80 16.12 5 6.02 2300' ,.98 15.81 4.15 ZZ.1I7 i.U 

k 

till· 

t1 ~O!u.te 	 010102 

" :~ ..' i . 

.;.,~.' .

{2 t. 

o~'t:tlt.O\.l 	 00411969 

"':':-~--,-;. . - .!__ .- ... -"'- - . - ..-~. - .-....~:-- ·-.·····c,~ _ ........ -~ ....... ~-.- ... '-~".,.,- -'.. -.- ,-- -."'" ...... "-, ... -~....:.-. --......,... -., 	 . , 
....\# ....t :~$ 	 .,. "-
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1'6Ilf700 oo~:t~·~~..~'; . 'J 
~OlO'tO 

~ ""~' '. i . , ... .., . ! .,'"
) , f. i $ t S.> 

,~O£ ~S'L U·t 9 bZ'e; OC·O to,'9 OZ·Z 9 UO t eL-" -C H., L,., .,sz·t b£'" ct·t 51" H'Z 5Z' HO, cL-E -, H 
9Lo£ t9°U 6t ·Z 9 9'"8 00'0 n'n 'So, 'ZO, bL-Z -,
OZo, 6"" 911' 9 Lio, H" U', eo', 9" t-t"., CL-t -Ii " 
,0°' 96°9 U' ., 211" OO'b- OO'b- 00'6- CCo~- 6L-O£-" " 0' 
geo, 9bo, 00°0 Z 96" OC06- C006- OOo~- ,° 10 • 6L-Li-" H,ez' SII'L U·Z 9 ., ..... ZS'Z H'n S"e; n'" tL-9Z- .. C;., 
,.,°E 1.1.°., fI., • L n'" 6 E'" b"'n .,b·c .I. 6p09 bL-IiZ-" 
eE·., LZ'9 U' L 11'1 ., Uo, '9" ,~. L E", t.L-"Z-~ 

.,.," 
SC°., HO' C." C; 911' .. OCoO ,q', no, 9 .1.0°, ClL-EZ-'" E., 
Zf:' Z Z"'9 Ie °t , [0" H'2 9L'8 6C'2 , C9'" eL-OZ-., ",
n'~ 6£"&1 &'J" .I. OL'" L1"t 9L'8 C.t·2 .I. 0.", eL-bl-" 6E 
"0'2 110' ., Z9' I t.,·, lil" aoz L9° I' 98 '1 6L-&1-" H 
!iL °1 0,0, 0C;0 L 6'oZ 00'0 26'2 .,liO I. 26·t eL-Ll-~ l£ 
,:'0, 60°., .,,0 8 2L 0, Ococ HOI L9' Ii U' 6L-9t-0; 9~ 
26°, L6' 9 '.,0., ,C;oZ ,,0, lic' 9 flO., u-n-., EE''0' ., .,z·, 9t·., lEo ., i"o.,E9°Z 8E" ~ 69' 6C'" ClL-Zt-., 2E 
"1.°, 10,0., 88" ., HO' Oli"' O'"L .,., ° t ., ,po, 6L-11-" H 
Hot eo°., Zllo 9 c.c·, "C', E1"C; t 1"t 9 £2'" 6L-Ot-" O£ 
"'0' ,,"'s LL' 8 ,H'Z .,8 ., .. 6' i 9Z°., cL-c -, be"t '" II or [PC; Zc' I 'L'" 0(; 0' 9Z" 51.,' €I EL'" tL-9 -., 1" 
'l6'" 09'e; "9' L 96" Slot OEo, C1"T .I. tT· .. ~2,....., 9 ., Lliot 

toL-' -., 
'1(OC9 "6' 9"" Ola' LL'Z tL' 6L-" -<r,,,. .,C"o., O~o, Ot" CIi·t 19' E 1,9' ClL-E -<r £Z 

oo·t oZ'ot OE ., oe" OC·t- 00'6- CO'c- t OE' cL-2 -., 22, '6'.,
it·, 006'2 os·, 2 00'6- OC't- oo°c- t O~ • bL-O£-' ot 
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TinE Dl. C:JHTI'IJcOI 

,ItCHA"SE~ 
JJS&Gc '''':t/1lt , 
FI~c~ SPECIFIC1TlaNS 

.INJE~ r~OICATO~ 
DtA1ETEQ '1tC~~NSI c 3.5 c 3.5 
~E~GTH '~ICRONSI > 10 c 10 

C"A'UE~ 
OPEIIAUON 

HY DATE '4 STI) OE~ '4 STO DEY 

1l't 7- 3-79 3.11 3.49 S.44 O.lO !I.Olt , 2.18 8.97 3.1,5 
11b 7- '-7Q 5.16 ."n '.91 3.U 1t.62 , .69 5.58 3. It It 
117 7- !I-7~ 3.51 5 1.H 4.5a 1.!l9 5.J8 5 1.70 7.!lI, 3.ltZ,HO 7- 9-79 Z.bZ 1.12 1.75 .90 •• 1)0 5 It •.91 1Z."3 l.JO 
1Z1 7-10-79 1.31 5 .79 4.91 Z.5Z 5.22 5 l.U 7.81 3.IoS 
III "-11-79 '.39 5 1.13 b.ll 2.79 s.u 5 1.00 7.:)4 It.09 
121 7-1Z-7Q ".01 5 1."7 5.6:5 1.Zft 5.17 5 .30 ft.38 5.H 
12 It "-11-79 ... 31 ) .52 4.7Z 3.H 5.60 3 1.0ft !I. 51 It.Z5 
117 7-1~-n ~.lil 5 Z.)9 1l.n ".58 6 1.0lt 7.'1 3.85".9' 
1Z~ 7-17-n 5.ll It .73 6.14 4.32 5.71 5 1.97 9.64 It. 31 
1!~ 7-13-n It.Z9 5 1.44 6.4S Z.'9 5.35 5 .19 5.75 5.11 
130 7-19-79 2.bZ 5 1.SZ It.75 .10 4. It It It 1.19 '.Z5 2.1~ 
131 7-Z0-H ".Itlt 5 .68 5.2S 3.72 5.n 5 1.ft9 7.510 3."Z 
1310 7-21-79 ".7Z 5 1.Z4 7.08 3.1t9 3.59 5 2.86 7.08 0.00 
135 7-24-n 6.5Z 5 .92 7.71t 5.11 I.S" 5 z.n !I. 11 0.00 
13!s 7-Z5-79 It.o~ 5 1.49 6.38 1.92 3.59 5 1.94 7.58 1.Z9 
117 7-Z6-79 It. 3:5 5 Z.OIt 7.81t 1.92 1.17 5 • Itt 1.6'.1 .ft6 
113 7-27-79 5.b1 5 .!Il 6.59 ".15 3.0l! 5 3.82 9.:)5 0.00 
11t1 7-10-n 4.59 5 3.0b 8.71 0.00 5.lt1 , 1.7fI 7.010 2.69 
142 7-11-79 '.59 5 .97 7.27 It.52 5.37 5 Z.30 9.77 3.05 
11,3 5- 1-79 3. "1 Z Z.1t1t '.58 .59 It.15 1 -9.00 -9.00 -9.03 
141t 8- ~-79 ~.79 5 7.I,!I ZZ.,,9 3." 5 .34 4 .41t 1.05 0.00 
lit, 11- 1-'71 to.1!1 5 .'Ib Z.!J 7 1t.30 5 2.7Z 7.29 .30, .'.11
149 ·8- 6-79 3.93 1.11 5.Zl 2.U It.Sl 5 1.75 I.H !.oo 
14~ a- 7-79 3.93 5 2.09 7.18 1.50 l.al 5 • til 3.81 1.7' 
150 8- 8-79 5.Dd 5 1.bb 8.22 2.99 2.H 5 Z.OI !I.1Z .10,151 8- 9-n 5. "8 Z.lZ e.09 2.11 2.ft1 5 1.Z0 4.73 .9Z 
15Z 8-10-79 4.dJ 5 2.46 1.61 z.n 2.ltft 5 1.U 3.U .Z~ 
15; 8-13-n 4. '117 5 Z.42 7.7~ .a2 2.91 5 Z.U '.62 0.00 
1H '1-H-7? .Zl I, .3!1 .82 0.00 z.n 5 .61t 3.H 1.ftlo 

~ . ," 157 8-l5-79 5.9') It 1.lt9 9.'" .~4 Z.79 5 .70 3.71 1.91 
lB 8-16-79 3.79 5 2.3!) 6.79 o.~o 4.31 5 .72 5.5Z 3.Z9

I •. _ 

1~7 ~-17-79 It. J!I 5 .5' 5.11 3.52 4.93 5 • lt~ '.35 4.lt7 
B2 8-20-79 3.7Z 5 1.74 ·7.36 2.15 5.S9 5 .17 !I.!3 Co.r,7 
Hl1 S-Zl-79 6.08 5 .7:) 6.81t 5.0Z 6.dO 5 .68 7.'.19 5.1t5r,. _. U4 3-22-79 4.lt3 '5 1.U 5."7 2.B '.16 , .3ft 5.ft5 10.66 

(.-- l!l5 ~-n-79 4.'" 5 1.!? 6.39 3.15 5.5Z , 1.31t 7.'0 ft.13 
1bb i-Zit-n 3.S8 S .94 It.~O z.st 4.59 5 .70 5.59 3.81 
11119 8-21-79 to.64 4 .57 5.30 3.la It.ftO 10 .57 5.30 3.7!tr.170 '-29-71 to.lt1 5 .37 5.IlZ 1.97 5.01 5 .33 5.ft5 It.!!) 

L 
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1>-16 
.-..-

U'3L!: D1- C:)NU'fUEO) 

:·UII'ER 'B 84)QUGi! ("S/'13) 	 5 5
:I8~~ ~P!:CI:JCATIO~S 

8["fOE~ t"OICATO~ 
DI4:-tETU ('1IC~'J~SI 	 c 3.5 c 3.5 
Li:~.Ti04 ('UCqONS' 	 > 1~ c 10 

CI4A'1'H~ 


OPEqATIJ~ 


DAl' DATE "=A'I -. Sf) ,)E~ "'l( 'lIN "Ult " STD DEV fl!I"f
lUX 

171 1J-!9-n ~.ll 5 .]7 ".69 1.7" ".8' 5 .,,~ 5.75 ~.40In 5-30-7:3 1.1~ 5 1.47 3.71 0.'0 4.4'3 5 .56 5.3Z 3.a4
173 9-31-H ... 0, ~ 3.~5 8.67 O.lO ~.55 5 .65 5."5 3.U..,.,177 9- ~-H 3. ~c 5 5.09 2.153 4.93 5 .16 6.:18 3.!I't 
17~ 9- 5-79 5.70 1.7] 10.103 ~.5C 5.610 5 1.&1t 9.~3 3 • .,10
1H ;j- 6-7~ ~.13 5" Z.l!» 5.67 	 S • .n 5 .u 6.610 10.7)0.:10 
l'!C Q- 7-79 4.109 5 •.,z 5.H 3.59 5.50 5 .59 6.31 1,.211 "!3. 9-10-79 10.50 5 .9Q 5.710 2.93 5.5' 5 .79 6.Z5 1. !l
Ih 9-11-79 10. ;Ie 5 4.31 12.71 .lt2 ~.90 5 1.51 6. JIt .'9165 ~-lZ-"9 ~. '4 , Z.53 6.49 0.'0 4.57 , 2.52 6.71 0.0'
U~ 9-13-79 .15 5 .25 .65 0.)0 7.02 5 .75 a.qr. b.41o
19" °-110-79 Q.87 3 1:1.'" zz.,,~ 0.00 3 .70 9.04 7."6'.181~') ;1-17-79 6.51 5 . 7.19 18 .65 .03 6.64., 	 S 3." 12.33 Z.5]11H 9-18-79 8.4a 1.&0 9.&5 1.52 '.80 5 2.06 1:1.H 3.0Z1n ~-19-7~ 7.55 5 .6e! 8.~~ 	 &.75 ~.1J6 5 .89 7.76 5.79
1H ~-20-79 .8Z 5 1.H 4.17 0.'0 5.25 5 .45 5.75 4.510

1910 9-!l-70 .70 5 1.ll 3.91 .1Q 5.67 5 1. Ito3 3.71 1to.,O

1'H 9-Z't-79 ·'.2' ~ 1.'1 6.l6 1.10 5.59 5 .90 ~.71 4.57 (
lea 9-25-79 1.'1 5 1.4; 5.02 .19 ·5'.&9 .6S 6.51 4.47B9 9-2!»-H 4.31 I, Z.Z5 7.107 1.310 4.88 10 .n 5.6Z 3.94 
Z~' 9-27-70 1.90 5 2.5; 7.]0 1.11 5.05 , 1.16 7.9& 3.75l:n 9-Z.,-70 2.77 5 1.52 4.53 ., 8 !I.H 5 .94 7.10 Z.96

Z04 10- 1-H 2.'" 5 2.16 0.9a .23 5.11 5 .75 7.11 3.9'
ZCS 10- 2-79 ;IdS , .!l2 9.a~ 7.!l9 5.11 5 .71 (a.i7 10.,8

lOb 10- 3-79 7.53 5 1.05 9.41t ,.~o 5.00 , .58 5.10 10.27 i~. ~. 

2~7 	 10- 4-79 ~.1~ ~ 9.105 1.010 3.951.15 3.11 '.110 ~ '.bl
20~ 	 10- 5-79 2.es 3 2.71 6.32 0.'0 0\.28 2 .18 	 It.107 '0.11
HJ. 	 10- 1-7q 5.~! Z 1.73 10.59 4.37 2 1.10 6.71 Z.~9".15U! 1)- i-79 1t.7q Z .7' '.74 Io.11t 5.30 2 .n '.46 5.U
213 10-10-79 6.11 Z .100 6.1t5 5.!lIo 2.32 2 1.91 4.01 0.\1.:1 .... 
214 10-11-79 6.22 Z .107 6.62 5.67 0.00 Z 0.00 0.00 ~.OO
21; 	 11)-12-70 3.1t~ Z .15 4.01 3.26 1.07 2 .03 1.12 1.05
213 	 10-15-79 7.27 1 l.l] 3.!l1 Z.l. 3 2.25~.I' 	 '.!~ .03
219 	 1.)-lb-79 .. " z z. ". 11.0i 5.i7 5.26 2 5.q7 lZ.03 0.00 ...!Z3 	 10-17-79 1.03 1 .3'0 1.37 6.~8 1.115 2 l.U 14.36 3.3:)

Hl 13-18-19 7.1,7 3 10.11 13.17 4.4,) .08 3 .11 .n O.:lJ

U! 	 ll-n-7q 7.;] 2 Z.'l3 9.5a .41 2 .32 .66 ;.00'.It"U5 	 10-2!-7Q 5.~" Z 1.bl 7.60 ".lt3 • 02 Z .01 .OJ :l.00

10-U-7Q ,U!I 	 5.25 Z .19 '.H '.n ,.00 3 0.00 0.00 ~.~o -U7 	 10-2it-79 i.H Z 1.310 11.15 ".\ 3 Z 0.00 0.000.00 	 0.00 
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hUE D1. (:J~TI"!JE!) ) 

CH'HE~ 1!3 
1>,]5.l tic "G/H) , 
F (ole ~ SPECIj:ICATlI)"S 

iI'II)E~ I "~IC AT'l1t 
OlA"IETElt (!'!lcao .. s) c 1.5 
L:~~OT'1 ("ICIt'lNS) > 13 

Cr1A'!3E1t 
'lPEo'TIO" 

DAY DATE '!EA!'f .. HD D:V 

1>-17 

'tU "I~ 'IE'" N 

c 
c 

STD 

8to, 
J.5 
10 

DEV IIU 'U" 
.. 

,. 

u-
l_' 

~.~ 

.-", 
lu 

\. 
1· -- . 
L_ 

F~. ")-

Z23 
ZN 
!H 
%31 
ZH 
2H 
Zh 
H~ 
ZIo,) 

H1 
!lol 
~tol 

ZIo'l 
2107 
H8 
Z49 
Z50 
ZH 
!H 
2-5 
260 
!61 
Z62 
H3 
H" 
Z!!7 
Zbi! 
H~ 
He 
HI 
ZH 
!75 
27"1 
271 
27' 
ZH 
HZ 
Z!) 
Zl!4 
Z!l5 

10-Z5-n 
10-l6-n 
10-29-n 
1,)-30-n 
10-31-H 
11- 1-79 
11- z-n 
11- 5-71 
11- 6-H 
11- 7-79 
ll- e-H 
11- 9-n 
\1-12-71 
11-13-79 
ll-lIt-79 
11-15-79 
1.1-16-79 
11-19-79 
11-20-79 
11-21-79 
11-Z6-79 
11-Z7-n 
11-2'-79 
11-29-Ti 
11-30-79 
U- 3-79 
12- "-79 
1!- 5-79 
12- 6-79 
ll- 7-n 
12-10-19 
12-11-7q 
12-12-79 
12-13-'79 
12-1"-79 
lZ-17-79 
H-18-79 
12-19-70 
12-Z0-'79 
lZ-Zl-U 

5.111 
2.7.. 
5.15 

.i)1i 
0.;)') 

.33 
1.35 
7.12 
5.24 

.91) 

.21 

.Z!I 
to. yO 
1.20 

.Olt 
1to.S" 
7.;6 
It.ltY 
5.51 
3.51) 

.13 

.n 
5.57 
It ...a 
4.60 
5.9e. 
'.79 
5. )3 

1.90 
~.ZZ 

10.H 
6.23 
!I.97 
1.17 
5. zs 
:'.!I" 
5.29 
It. 31 
2.!»l 
to.~It 

3 
2 
Z 
2 
1 
Z 
1 
l 
Z 
Z 
Z 
2 
2 
Z 
Z 
Z 
2 
2 
Z 
Z 
1 
Z 
2 
Z 
Z 
Z 
2 
Z 
5 
! 
Z .. 
3 .. 
3 
3 
3 
10 
3 
2 

.97 

.~to 

1•.8! 
.l~ 

-9.0J 
.3to 

2.310 
1.09 

.6:! 

.5') 

.0; 

.13 
3.21 
2.!!Z 

.05 
1.108 

.16 
1.It; 
1.1t1t 
Z.30 

-9.0~ 
.1~ 
.J,) 
.OY 
.lt1 
.OS 
.53 
.71t 
.u 

1.6~ 
Z.19 
3.91t 
zon 
1.54 

• 17 
.2!1 

1.30 
.lt5 

1.S'> 
.56 

6.06 
3.46 
7.Z0 

.20 
-9.0J 

.63 
8.Z3 
8.~! 
'.81t 
1.56 
.33 
.36 

7.89'.H.10 
16.Z3 
7.U 
5. I) It 
6.7!J 
5.35 

-9.00 
.88 

5.57 
4.56 
It.9Z 
6.06 
fI.1!! 
5.87 
3.115 
5.31 

13.37 
12.23 

9.03 
9.13 
5.H 
It.99 
11.08 
to.9~ 

4.01 
5.lt1 

1.H 
2.18 
3.55 
O.~O 

-9.l0 
0.00 
0.00 
6. » 
to.63 

.55 

.li) 

.10 
1.~0 

.It % 
O.lO 

11.27 
7.50 
Z.l3 
3 • .,8 

.59 
-9.)0 

.'9 
5.51 
It.37 
It.07 
5.~0 
,.)%
It,,) 7 

.13 
It.'6 
".~7 
~.OO 
2.'n 
5.22 
5.)9 
to." 3 
It.60 
3.35 
0.)0 
It.27 

'. '1
to.94 

.1!! 

.llt 
l.OO 

.31 

.76 
1.710 
S.H 
Y.ll) 
;.Z!,.15 
3.88 
~.toZ 

!I.OO 
5.6; 
6.62 
5.7!I 
5.25
".51 
10.52 
".7!J 
6.95 
!I.%9 
It.09 
to.B 
Co.91 
Co.ll 
to.5' 
5.52'.H1.60 
'.07 
7.12'.33
3.to7 
... 21 
3.44 
?o!» 
3.11 

3 
2 
Z 
2 
1 
2 
1 
2 
Z 
2 
Z 
2 
2 
2 
2 
Z 
2 
2 
2 
2 
Z 
2 
% 
2 
Z 
Z 
Z 
Z, 
Z 
Z 
1 
3 .. 
2 
3 
5, 
3 
2 

• 8~
5.59 

.06 

.15 
-9.00 

.Z6 
1.75 

.19 

.68 
1.29 
1.15 
.26 
.110 

2.Z6 
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PRECISION 	 OF MEASUREMENTS 
I
~· 
.; . 

t.:; 
To determine the precision of measurement, a randomized sequence 

of measurements was made usin~ a Metler 52 microbalance and three Metricel DM50 

filters. Three filters, representing relatively light, medium, and heavy 

weights, were used i~ making repeated measurements. Prior to each measurement • 

the balance was tared to zero. This was done to enhance the statistical 

independence of successive measurements. 

The results are shown in Table AI. The ta~le shows the average 

filter weight to be 55.720, 61.932, 71.113 milligrams for the light, medium, 

and heavy filters, respectively. The standard deviations for these measurements 

are 0.001, 0.0~5, and 0.001 milligrams, respectively. Based on three 

standard deviations, this precision of measurement is no worse than 0.045 

milligrams. The weighted average precision for this data is found to be 

0.021 	milligrams. 

The measurement sequence and raw data are shown in Table A2. 

TABLE E1. 	 MEASUREMENTS TO DETERMINE PRECISIOn 
RELATIVE FILTER WEIGHT 

Li~ht Medium 

-
i 
i·-c· 

Weight, mg 

55.11 

55.12 

55.13 

55.14 

55.75 

Frequency 

5 

28 

3 

0 

1 

Weight, mg 

61. 91 

61.92 

61.93 

61.94 

61.95 

61.96 

61. 91 

Frequency 

1 

6 

19 

0 

0 

1 

3 

Weight, mg 

71.15 

77 .16 

71.11 

71.18 

71.19 

Frequencv 

1 

o 
26 

1 

4 

Total 31 30 	 38 

Avg. wgt. mg. 55.120 61. 932 71.113 

I:'. St. Deviation,

L mg. 0.001 
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TABLE E2. RANDOMIZED WEIGHING RESULTS FOR METRICEL FILTERS 

1 M .06196 54 M .06192 

2 H .07717 55 L .05572 

3 H .07717 56 ·L .05572 


,4 M .06193 57 L .05572 
5 M .06193 58 L .05573 
6 H .07717 59 ·H .07719 

f • 

7 M .06193 60 L .05573 r··.. 
8 L .05572 61 L .05572 
9 M .06191 62 M .06193 

L .05572 63 L .05572 

11 L .05572 64 L .05572 

12 L .05571 65 H .07717 

13 H. .07715 66 H .07717 

14 M .06193 67 M .06192 

15 M .06193 68 'H .07717 


. ,16 L .05572 69 H .07717 

17 L .05572 70 H .07717 

18 H .07717 71 H .07717 

19 H .07717 72 z.t .06192 


H .07717 73 H .07717 

21 M ·.06193 74 L .05572 

22 L .05572 75 L .05572 

23 M .06193 76 H .07717 

24 L .05572 77 H .07718 

25 L .05572 78 L .05572 

26 M .06193 79 H .07718 

27 M .06193 80 L .05571 ('~
28 L .05572 81 H .07717 ( 

29, L .05572 82 H .07717 
L .05572 H3 H .07717 

31 L .05575 84 H .07717 
32 M .06197 85 H • 07717 

.. 
i· . 

33 M .06197 86 .,~ .06193 
,. - ~ ';,.

34 M .06197 87 H .07718 
35 L .05572 88 L .05572 ' . 

36 L .05572 89 H .07718 ;"'; 
....~37 L .05572 90 M .06193 


38 H .07718 91 R .07717 

39 H .07717 92 H .07719 

H .07717 93 M .06193 
' . ........ 

41 M .06192 94 L .05572 
.':42 H .07717 95 M .06193 
."

43 L .05571 96 L .05572 t -', 

44 . M .06193 . 97 H .07718 

45 M .06193 98 L .05573 

46 .L .05571 99 H .07718 l·; 

l.a._..:).47 H .01717 100 L .05571 
48 L .05572 101 H .07719 
49 M .06192 102 M .06193 ~~. '~':". 

!. ,/; .H .07717 103 H • 07719 ..: .. ...,:.

104 '51 H .07717 M .06193 

52 L .05572 105 M .06193 :........ 


,,:',;..;53 M .06192 010102"'PJl(il'o C'-.-"\ , ." It. ,'._ ,_ 
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INERTIAL CHARACTERISTICS OF FIBERS 

Stober l used a spiral centrifuge to determine the relationship'" 

between the fiber aerodynamic diameter and fiber diameter. The theoretical 

form of this relationship can be shown to be: 

Dc 1/2
D • "fii (Kl + K2 In 6) 

f 

where: 

D - aerodyn'amic equivalent diameter 
c 

Df • fiber dynamic diameter 

p c fiber density 

KIt K2 - constants 

e • fiber aspect ratio 

The constants Kl and K2 depend upon fiber orrientation; however, 
2 a least square fit of Timbrell's data for glass fibers indicates that Kl 

and K2 are 0.7 and 0.91 respectively. 
3Burke and Esmen r.onducted a series of experiments with a Cascade 

impactor to determine the effect of shape factor on the impaction diameter of 

glass fibers. For spheres, the aerodynamic equivalent diameter (Dc) equals 

the impaction equivalent diameter (DIe). 

The theoretical impaction diameter for a sphere can be expressed by 

the following; 

where: 

~ D Stoke's Number 

~ = fluid viscosity 

w - characteristic dimension 

\I - velocity 

p - particle density 

However, as the particle shape deviates from a sphere it is expected 

that a correction must be applied so that: D • D (l + F{p) ) for fibers where
Ie c 

S - fiber aspect ratio. When 6 approaches 1.0, the characteristic f (6) will 

appn)ach zero... .,,.,,...4o~. 
,,"' ,9••,o ••t ~ I 1 ~ 

010102 
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• 3
A least square fit of the data obtained by Burke and Esmen showed 

3·· . . . 
that f (B) • 0.013 In B. Using this relationship it can be shown that the 

impaction equivalent diameter for a fiber is the following: 

DIe - Df (1 + 0.013(1n 6)3) (0.7 + 0.91 In 6)1/2 yp 

a 

Figure 

density of 2.5. 

is a plot of Dre/Df versus· aspect ratio for glass fibers with .. ,. 
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J-1 

TABLE J-1. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FROM FILTER SAMPLE OBTAINED FROM CHAMBER 1 
(FO 1) 

.... r~::;.. 
,,' ..... 
· ~~ .~. Length, Diameter, 11m 

11m 0.5 1.0 2.0 3.0 - 4.0 5.0 . "7.0 10.0 15.0 

0.5 

.. r -
· ( .. 

1.0 

2.0 
1 

4 

3.0 7 1 
(, 

: ..,. ," 

I · (," 
4.0 4 5 
5.0 ,5 6 

7.5 4 7 11 
10.0 3 7 12 

I' • 
1 

J. , ... 

12.5 

15.0 
2 

1 

3 

3 

3 

4 

· (' : 

G 
17.5 

20.0 

25.0 

1 2 3 

3 

1 

1 

4 

1 

2 

5 
30.0 1 2 2 
40.0 2 1 6 2 

· .·.····: 50.0 1 3 7 
· r.,' 75.0 2 6 2 1 

: c·/, .. 

, l··· 
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TABLE J-2. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FROM FILTER SAMPLE OBTAINED FROM CHAMBER 2 
(FO 2) 

Length, Diameter, llm r 
llm 0.5 1.0 2.0 3.0 4.0 l.5.0 7.0 10.0 15.0 

0.5 ,......,. i 

1.0 3 
! 

2.0 25 
3.0 29 5 
4.0 21 18 
5.0 16 30 

" 

7.5 14 50 27 
10.0 9 44 41 
12.5 4 14, 40 10 
15.0 2 13 38 18 
17.5 3 6 23 6 1 
20.0 2 3 18 6 6 
25.0 5 19 9 1 

: 

30.0 6 6 10 3 (~/. 
40.0 4 13 9 1 1 

, 
'':. 

50.0 6 2 
75.0 1 3 3 ,z-· 

.~ . 
100.0 1 1 '..':~ 

125.0 1 
I' , 
I, 

t.. ••~ 
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!,:.;

i',o,, ' 
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J-3 

TABLE J-3. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FROM FILTER SAMPLE OBTAINED FROM .CHAMBER 3 
(FO 3) 

Length • . Diameter. lim 
lim O.s 1.0 2.0 3.0 _ 4.0 ·S.O 7.0 10.0 15.0 

F''(. 	 O.S 

1.0 1•. c··· 
2.0 8: ( 
3.0 12 3 

. ( 4.0 7 15
L 5.0 2 8 

7.5 3 22 17.r
.' . 10.0 3 18 18 


·12.5 2 4 17
r .. 
i5.0 	 1 8 2r 
17.5 	 4 6 

20.0 	 4 6 

25.0 2 4 


{ .. 30.0 
 2 3 

l 40.0 1 3 


l
50.0 
····· 

.. ' 	 75.0 

100.0 
.: f:· 125.0t .~. 
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J-4 

TABLE J-4. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS J 
r 

~-FROM FILTER SAMPLE OBTAINED fROM CHAMBER 4 
(FO 4) 

Length, Diameter, ~m 
~m 0.5 1.0 2.0 3.0 4.0 5.0 7.0 10.0 15.0 . 

.-0.5 

1.0 

2.0 12 

3.0 30 3 
4.0 15 24 

5.0 12 29 

7.5 14 36 17 
10.0 5 21 18 
12.5 1 119. 
15.0 6 4 
17.5 1 2 1 
20.0 2 1 1 

25.0 3 1 

30.0 1 (~ .. 
40.0 

50.0 

75.0 

100.0 

125.0 

; . 
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FIGURE J-1. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS/5 r," :~".':::-
FROM FILTER SAMPLE OBTAINED FROM CHAMBER 1V h.·.... f;l:·':: ' (FO 1)f.-· v .. ' ~.. . 
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FIGURE J-2. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
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FIGURE J-4. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 

. FROM FILTER SAMPLE OBTAINED FROM CHAMBER 4 
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Measurement of Glass Fibers Contained in Lung Tissue 
r'

.' I· ..·'i . 
At the completion of the hist~logy phase of this study, lung segments 

were submitted to NIOSH (Cincinnati) to determine the size characteristics of 

the deposited fibers. For the monkeys, a piece of lung measuring approximately 

5.5 cm x 1.0 cm x l.~ cm was cut from each of the lung samples. These specimens 

were then washed for 24 hours in running filtered, deionized water. They were 

then cut into four strips and freeze-dried to constant weight, and subsequently.. 
ashed for 24 hours in a low temperature asher at 100 watts. The ash from each 

specimen was then rinsed into. 125 ml Erlenmeyer flasks using 50 ml of filtered 
r -: 	 deionized water. Ten drops of Aerosol OT were then added to each flask and 
\ . 

G-

the reSUlting susp~nsions were then sonicated for 10 minutes in a small ultra

sonic bath. The sonicated suspensions were then added to 1000 ml volumetric 

flasks, diluted to 1000 ml with filtered deionized water, and then stirred 

magnetically for 10 minutes. An aliquot was drawn from the volunteer flask, 

added to 20 ml of filtered deionized water, and filtered through a 25-mm 

diameter, 0.1 pm pore size Nuclepore filter. The filters were mounted on 

carbon planchets with colloidal graphite and then analyzed in the SEM using 

a LeMart Scientific Model 8-10 image analysis system. Analyses were performed 

at a magnification of 1000X. 
, 
~. 
I 	 The rat lungs were similarly prepared, except the final volume used 

for the ash suspensions was 250 ml instead of the 1000 ml used for the monkey 

lungs. 

Tables J-5 through 'J-12 list the particle size measurements which 

were obtained for the rat and monkey lungs. These tables have been corrected 
L... 

for the background particle counts which were not glass fibers. The lungs 

from the control animals (FO 5) which were not exposed to glass fibers, were 

also ashed and counted. The SEM pictures from these animals failed to show 

... 	 any glass fibers; however, there were some irregularly shaped particulates 

(partially oxidized tissue, etc.) which were counted by the automatic counter. 

Counts were made using an aspect ratio of <3:1 and <5:1. It was found that by 

using the larger aspect ratio, the~ackground could be reduced. Consequently, 

the particle measurements shown in Figures F-S to F-12 are at an aspect ratio 

of < 5:1. 

~ 
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TABLE J-S. :PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 

FOUND IN MONKEY LUNGS , ," 

(FO 1 Group) 
}.' 

Length, Diameter, lim ,.... 
lim 0.5 1.0 2.0 3.0 4.0 5.0 :7.0 10.0 15.0 

0.5 

1.0 

.2.0 

3.0 

4.0 

S.O 

7.S 

10.0 

12.5 

15.0 

17.5 

20.0 

25.0 

30.0 

40.0 

SO.O 

7S.0 
100.0 

12S.0 

6 

12 6 

4 31 

10 17 

4 32 

8 21 

1 16 

1 4 

. 6 

1 

1 

1 

.. 

26 

28 , r 

. 
• 

16 7 
8 11 

7 3 1 
3 2 

2 3 2 

1 4 (~.-
3 

'"1 . 

1 1 

.--,.

.. " 

.. 
... -.

i . 

~ : . 

... "-
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• j . 
. I 	 TABLE J-6. PARTICLE SIZE DISTRIBUTI~N OF GLASS FIBERS .	" / ". 

'i .~ :.. .- FOUND IN MONKEY LUNGS 
.... 	

(FO 2 Group) 

Length, Diameter, 1J1D 
lim 0.5 1.0 2.0 3.0 - 4.0 5.0 7.0 10.0 15.0 

0.5 

1.0 
( 

2.0,', t" 
3.0 13 1 

'. C···.. 	 4.0 17 14 
\:..:... 5.0 12 13 

7.5 11 38 38 
10.0 5 27 72 

12.5 1 14 55 24 . 
, \.'.. 	 15.0 2 11 42 34 

17.5 1 8 35 18 2 
- 1 

,.~ . 
20.0 	 4 33 20 7 

25.0 1 3 44 21 2 2 

30.0 	 2 28 14 6· 1 
i ,. 40.0 1 1 15 6 1 

50.0 	 9 8 1 
-. rt. ," ... 75.0 	 9 3 

100.0 
.~ r

125.0 .... L:. 

~t 

.' 
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J-12 

(. 

TABLE J-7. 	 PARTICLE SIZE DISTRIBUTION OF CLASS FIBERS l:

FOUND IN MONKEY LUNGS t 
(FO J Croup) 

Length. Diameter. lJm 
101m 0.5 1.0 2.0 3.0 4.0 5.0 7.0 10.0 15.0 

1.0 

2.0 

3.0 13 4 


4.0 21 20 

5.0 11 20 

7.5 18 38 42 


10.0 6 40 66 

12.5 1 1.9_ 38 10 

15.0 	 26 38 13
.
17.5 2 12 32 5 1 

20.0 1 22 2 4 


25.0 11 23 7 	 2 

(~ ,30.0 	 6 11 2 


40.0 1 9 

50.0 2 4 

75.0 

100.0 

125.0 

~:..:: 

: : 

i' 

'

010~02 (
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~j' 

~. f~· TABLE J-S.
~. . . PARTICLE SIZE DISTRIBUTfoN OF GLASS FIBERS 

.":; 
'" 

: FOUND IN MONKEY LUNGS 

. (FO 4 Group) 


~'P,"" 
t--::. Length, Diameter, pm 

pm O.S 1.0 2.0 3.0 - 4.0 5.0 7.0 10.0 15.0
r,'0" , ..... ; 

0.5 

1.0::. C" 

:' t· • 2.0 1 


3.0 44 10 

4.0 23 38 

5.0 35 48 

7.5 32 96 41 

10.0 10 35 25 

12.5 5 37 26 5 

15.0 1 11 14 4 

17.5 4 9 11 1 1 

20.0 2 6 

25.0 1 6 7 1 

30.0 2 2 1 
40.0 1 2 2 

,L 50.0 1 

75.0 

100.0 

L~ 125.0 

.' L'" 
':: L~: 
~.. 
'. '" 
.," ':-.; 
.'.' •...E.~'. "--' 

010102 

00412442 

. ~. ... ---: .~'" - ,-'.' -.,. 



J-14 

r 
TABLE J-9. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 

FOUND IN RAT LUNGS 
(FO 1 Group) 

Length, Diameter. lim 
lim 0.5 1.0 2.0 3.0 4.0 5.0 ! .7.0 10.0 15.0 

0.5 

1.0 

2.0 

3.0 

4.0 

5.0 

7.5 

10.0 

12.5 

15.0 

17.5 

20.0 

25.0 

30.0 

40.0 

50.0 

15.0 

100.0 

125.0 

2 

2 

5 

2 

3 

3 

9 

2 

.2_ 

6 

2 

4 

1 

3 

2 2 

12 

1 1 

3 

1 

(~~-. 
2 

.1 

, 

, -~ 

,. 
~ .', 

. ;. 

:" . , . 
t ••. .,:·.. 

...... --7-'--::- :.'-.~-- ,'-- ..-'.~' ..... '-'4.' •. . .; .......
• _.-.:.V· 
. ~ 

010.102 
"00412443 ,:, 
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0- TABLE J-I0. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FOUND IN RAT LUNGS 


v", (FO 2 Group) 


Length. Diameter. pm 
pm 0.5 1.0 2.0 3.0 - 4.0 5.0 7.0 10.0 15.0 

.: f:~:
! '. 0.5 

1.0 

2.0 4 
3.0 3 

r 
4.0I ., 

19 13 
5.0 16 25 

r· 7.5 11 37 49 
, ( .' 10.0 7 70 59 

I" 12.5 10 40 49 20 . 
I, 15.0 8 18 31 11 

17.5 3 8 12 3 1 

20.0 1 12 21 1 1 

25.0 1 14 18 5 1 
30.0 8 11 1 
40.0 1 8 7 
50.0 1 3 1 
75.0 1 3 

100.0 
r 
c: 
 125.0 


(. 

l~ 

r " t,:' 

L·~ 

·:·,,·
",!':...t


.!l • . ~ ,. c,.')- .~ • : . 
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TABLE J-l1. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FOUND IN RAT LUNGS 
(FO 3 Group) .r 

.'
" 

.~. 

Length. Diameter. pm 
pm 0.5 1.0 2.0" 3.0 4.0 s.o 7.0 10.0 15.0 

o.s 
1.0 

2.0 12 

3.0 20 

4.0 11 18 

S.O 13 10 
" .-;. 

7.5 4 29 34 

10.0 11 43 31 
I',:12.5 8 20 18 2 

, 
15.0 4 9 18 2 "--,.- . 
17.5 - 2 6' 10 1 1 

20.0 1 7 10 2 3 

25.0 3 13 2 3 1 1 

30.0 6 2 

40.0 3 3 


so.o 1 1 


75.0 .'. ~ ..•...
100.0 

125.0 

".."'-.. 

:'.~~
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TABLE J-12. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FOUND IN RAT LUNGS . 
(FO 4 Group) 

~ ~.~.-·r.: '.. 

r: 
Length, Diameter, lim 

lim 0.5 1.0 . 2.0 3.0 _ 4.0 s.o 7.0 10.0 15.0 

0.5 

1.0 
. r 2.0 	 13to 

3.0 20 

r 4.0 16 32
i 
~ . 	 5.0 21 20 

r-.- 7.5 8 67 21 


· 
j 
\ 	 10.0 8 36 14 

12.5 5 5 7 2· r 

is.o 1 10 5 

17.5 3 	 2 

0· 
 20.0 2 	 1 

25.0 2 

30.0 1 4 	 1 
40.0 3 	 1 
50.0 1· ! 	 75.0 

100.0 
( '
1 125.0 
r~ 

'. (

L_ 

f·:~· 


': L
· "' .... 

· 

:·L'··
.. 

(' !,:....
\....-C., 

010102 
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Figures J-5 through J-12 are three-dimensional plots of the same 

data. A comparison of Figure J-5 (monkey - FO 1) to Figure J-9 (rat - FO 1) 

shows that the rat nares is much more efficient than the monkey nares in 

removing the larger fibers. The data also show that essentially all the 

particles contained in the lung are less than 4 micrometers in diameter. 

Table J-13 is a summary of the calculated lung burden for both 

monkeys and rats and the average number of particles found in a gram of 

dried lung tissue. The number of fibers found in the control animals (FO 5 

group) was subtracted from each exposure group. Approximately the same number 

of fibers were found in the control antmals as those expo~ed to the large 
diameter fibrous glass (FO 1). 

The lung burden of the FO 2 group animals should be approximately 

3 times greater than ~~at of the FO 3 group. However, the number of particles 

found in the monkey lungs were about the same for the two groups and about 

one-fourth as much for the rats., For FO 2 fibers were similar to the FO 3 

fibers except the FO 2 fibers were slightly larger and had a urea formaldehyde 

binder. The fibers counted with a binder were more highly charged than those 

without a binder and it is believed that the rat fur plays an important role 

in fiber removal. During exposure the rats would try to protect their noses 
with their bodies which could act as a filter. 

" 
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FIGURE J-S. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS"""· FOUND IN MONKEY LUNGS 
"':. :~: (FO 1 Group) 
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FOUND IN MONKEY LUNGS '_ i 

(FO 2 Group) 
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~E FIGURE J-7. PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FOUND IN MONKEY LUNGS 
(FO 3 Group) C; .:. 
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(FO 1 Group) 
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FIGURE J-ll. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 
FOUND IN RAT LUNGS 

Q (FO 3 Group) 
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"FIGURE J-12. 	 PARTICLE SIZE DISTRIBUTION OF GLASS FIBERS 

FOUND IN RAT LUNGS 
(FO 4 Group) 
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TABLE J-ll. CALCULATED LUNG BURDEN OF CLASS PIBERS 

Mlnute Voll1_ Averaae Ha.. Cilcul.ted Calculated OVerall Mo. of 'artlcle. 

!xpoaure Vol...... Inh,led. ConcentJat10n. Inhaled. Dry LunS, Luna BurdeD, per Craa of Dp


Specie. Trea~_nt Day. t a asIa as Wt. a ../a Luna, xlO-6 


lOl 441.5 .05 9.272 13.96 129.4 0.52 241.9 (-) 

F02 462.0 .05 9.702 14.94 144.9 0.52 271.7 236 
P03 452.0 .05 9.492 4.85 46.0 0.52 88.5 938 
F04 453.1 .05 9.51) 4.78 45.5 0.52 87.1 834 

F01 377.0 2.0 316.7 14.72 4.661.5 21.06 221.3 (-) 
Lo

P02 375.6 2.0 315.5 15.62 4,928.2 21.06 234.0 2,470 I 
N 

Monkey. P03 374.9 2.0 314.9 5.04 1,587.2 21.08 75.4 2.580 " 
P04 378.9 2.0 318.3 4.78 1,521.4 21.06 72.2 3.120 

* Corrected forbackaround found 1n Crclujl FO 5. 
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